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FORH^fORD

This report presents the results of aji investigation

of seepage conditions along the Sacramento axid. Feather Rivers

in the Sacramento Valley and was prepared under authority of

Sections 12627. 3 and 12627.^ of the Water Code. The study area

extended on the north from the vicinity of Ord Ferry on the

Sacramento River and just north of Marysville on the Feather

River to Walnut Grove on the south.

Available seepage data was reviewed and new data on

seepage conditions was collected for the period 1959 through

1965. Moreover, data on the economic effects of seepage was

compiled. This data was analyzed axid guidelines were developed

for estimating seepage conditions under various river regimen.

The information in this report will be of value in pre-

dicting future seepage conditions resiilting from additional

development of California's water resources. It also will be of

value in planning remedial works to alleviate seepage conditions.

William R. Gianelli, Director
Department of Water Resources
State of California

June 111, 1967
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ABSTRACT

Seepage occurs nearly every year along the Sacramento River system, and may persist for extensive periods,
causing considerable damage. Future water development projects will modify the flow of the Sacramento
River system and change the present level of seepage. Considerable concern has been expressed about the

effects of both present and possible future seepage. This long-standing concern, stimulated by the extensive
seepage damage which occurred in the spring of 1958, culminated in legislative authorization of this investi-
gation. The investigation was conducted to: (l) document present seepage conditions for the purpose of
providing a base for evaluating the effects of future water development projects on seepage, (2) develop
relationships between river regimen and seepage conditions to aid in determining the most advantageous
operating criteria for future upstream water development projects, (3) estimate the effects on seepage con-
ditions of changed river regimen which could result frcci operation of future water projects, (U) determine
whether need exists for detailed studies that would lead to authorization of seepage mitigation measures.
/To attain the objectives of the investigation it was necessary to gather and analyze hydrologic, geologic,
topographic and economic information pertaining to seepage, and from these data to develop relationships
between riverflow and seepage conditions. Since the dynamic influence of the river on seepage conditions
had not been studied before in detail, it was necessary to develop new methods of data collection and analysis.
A technique was develoi)ed combining the use of infrared aerial photography to delineate seepage areas and
the use of electrical resistivity measurements of the subsurface strata to define lateral seepage boundaries.
This technique proved to be rapid, accurate, and low in cost. /The extent and damage resulting from six
measured seepage occurrences were estimated. Guidelines were developed for estimating seepage conditions
under various river regimen. The influence of Oroville reservoir and modified riverflows on seepage con-
ditions were evaluated. /The major findings of the Investigation were: (l) the present effects of seepage
are greater on eigriculture than on the urban economy; (2) operation of Oroville reservoir should reduce
seepage along the Feather River, except for that attributable to high flows of long duration which will not
be changed significantly; (3) operation of Oroville reservoir should reduce the probability of seepage and
seepage damage along the Feather River from December tlirough Jvme; (k) seepage does not presently occur along
the Feather River in the summer and should not occur in the future in the summer with Oroville reservoir in
operation; (5) effects of the Oroville operation on seepage should be documented by a 5-year post-operative
study; (6) a maximum flow of approximately 9,000 cubic feet per second can be conveyed down the Sacramento
River for considerable periods without causing seepage; (7) under foreseeable conditions, there should not
be any seepage along the Sacramento River attributable to importation of water prior to about 1990 and
imported water should not influence seepage conditions during the winter; (8) a drainage system adjacent to
the Sacramento River should be the best method for controlling possible future summer seepage; (9) alternate
routes other tlian the Sacramento River should be considered for conveying imported water from developments
which will become operational after about 1990; (lO) there is no need for state action at this time to

mitigate seepage, but there are areas where seepage alleviation facilities should be given further consider-
ation by individuals or local agencies.

xvi



CHAPTER I

SIMMAEY MD CONCLUSIONS

The Sacramento Valley is a broaxi, gentle expanse, located

between the Sierra-Nevada to the east and the Coast Range to the west.

The Sacramento River, the principal watercoiorse in the valley, originates

near Mount Shasta and flows southerly through the Sacramento-San Joaquin

Delta to the Pacific Ocean.

The Sacramento River system has been extensively leveed in the

valley to contain floodwaters which primarily resiilt from snowmelt in the

Sierra-Nevada and from intense rainfall in the foothills. During jjeriods

of high runoff, the waters confined within the levees are frequently

higher than the surface of adjoining lands. When this occurs for more

than a short period of time, water seeps under and through the levees,

saturating the lands abutting the levees and often ponding on the land

surface

.

Seepage has a considerable adverse effect on the economy,

particvilarly in agricultural areas. Seepage damages orchards emd perennial

crops and delays or prevents the normal planting of annual crops. Lands

frequently subjected to seepage are often not utilized to their maximum

extent. Seepage aJ-so necessitates construction of drainage facilities

and the operating and maintenance of these facilities. It also has many

lesser effects such as increasing the construction costs of buildings,

roads, and airports, and sometime delays larbsin development.

The term seepage is frequently used in more than one sense. In

its broadest meaning, and as most commonly applied, seepage is used to

-1-



describe the high grovuad water table and sjiy sxirface water which result

in part from percolate from the river channels and in part from local

rainfall and runoff. Seepage has also been used in a more restricted

sense to describe the water which results from percolation through or

under levees, appearing as surface water or grovind water within the root

zone on lands adjacent to the levees.

In this investigation "seepage" is defined in the more restric-

tive sense—that is, water on or near the ground surface on the Ismdside

of leveed watercourses which is attributable to percolation from the con-

fined channels. A typical seepage sitxxatlon is illustrated on Figure 1.

Historical Seepage Conditions

Prior to construction of levees along the river channels in

the Sacramento Valley, floodwaters often nearly covered the valley in a

continuous sheet, overflowing the natural levees which had been built up

by the rivers. Early efforts at land reclamation consisted of construction

of low levees on the natural levees. These levees confined floodwaters

within narrower bounds with resultant increased elevations of the head of

water against the levees. This caused an increase in seepage through and

under the nat\iral levees. When the stage increased sufficiently, seepage

also occurred throxjgh the man-made levees.

At the time California was admitted to the Union, waterlogging

occurred in many areas along the Sacramento River. There was not much

concern about this seepage until years later when the affected lands were

more extensively developed. Records of historic river stages indicate

that seepage could have occurred to some degree in a number of years, but
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no seepage vas reported prior to 1937. After the high river stages in

1937-38^ there was great concern over the resultant damages from see-

page to thousands of acres of crops. A report by the former Division

of Water Resources on conditions in April 1938 states:

"... The condition in the district north and
south of (Reclamation District) No. 70 is comparable.

Most peaches are dying. The annual crop land close

to the river is normally double crop land, beets being
the first, then peas or some later crop, but with present
conditions the beets cannot be planted. ..."

Following that year, no significant seepage damage occurred

until Jsmuary I9MD. Flows during 19^0 and 19^1 again were of sufficient

magnitude and duration to cause extensive seepage and severe damage.

Because of the increased interest in seepage and concern over the effects

of the newly completed Shasta Reservoir, the United States Bureau of

Reclamation in 19^1 initiated a survey of seepage and ground water con-

ditions along the Sacramento River from Stony Creek to Knights Landing.

The Bureau collected data intensively for a 7-year period. After 19^,

observations of seepage were continued on a limited basis. The Bureau

has also investigated and reported upon ground water conditions in the

lower Sacramento Valley and the Sacramento-San Joaquin Delta. Valuable

surveys of seepage and seepage damage have euLso been made by other agencies,

including the U. S. Army, Corps of Engineers and the University of California.

The significant reports of previovLS investigations are listed in the

Bibliography.

Need and Authorization for the Study

Seepage occurs nearly every year along the Sacramento River

system and may persist for extensive periods, causing considerable damage.



Furthermore, large water development projects are being planned and con-

structed to sustain the rapid increase in water demands throughout

CaJ-ifomia. These water development projects will alter the flows in the

Sacramento River system which, in turn, will alter the amount of seepage

and seepage damage which may occur in the future. Landowners in the

Sacramento Valley have expressed considerable concern about both present

and possible futvure seepage ajid its effects.

Because of this concern and the extensive seepage damage which

resulted frcan the high flows that occurred during the spring of 1958> the

Legislature in 1959 added to the California Water Code two significant

sections concerning seepage. Section 12627-3 established state policy

that the costs of solving seepage problems which arise or will arise from

construction and operation of a water project shall be borne by the project.

Section 12627.^ enjoined the Department to anticipate seepage problems

which may arise from future construction and operation of water projects

and to include plans for the solution of seepage problems as part of the

project development. The Legislat\ire also authorized this investigation

and appropriated funds to initiate the investigation. Work was started

in October 1959.

As is required by Section 12627.^ of the Water Code, a sub-

stantial portion of this investigation was conducted as an integral part

of the planning of the State Water Project to determine the seepage problems

which may arise in connection with project construction and operation. The

information and data obtained from this investigation will be invaluable

in examining and evaluating any claims which may be made that the State

Water Project is causing seepage problems.

-5-



Objectives of the Investigation

The Sacramento Valley Seepage Investigation was conducted for

the xollowing purposes:

1. To docioment seepage conditions along the Sacreuoento

and Feather Rivers as they exist prior to operation of

Oroville reservoir and other units of the State Water

Resources Development System. This information vlll provide

a basis for determining the effects of the Oroville facilities

and subsequent vater development projects on seepage.

2. To develop relationships bet-jveen river stage and

duration, and seepage conditions. This information will aid

in determining the most advantageous criteria for coordinated

operation of Oroville reservoir and subsequent projects, based

on all project purposes including consideration of seepage.

3. To estimate the effects on seepsLge conditions of

changed river regimen which could resu]-t from the operation

of future water development projects.

k. To determine whether need exists for detailed studies

that woTild lead to authorization of seepage mitigation measures

and to indicate the reaches where these studies should be

londertaken.

Area of Investigation

The area directly affected by seepage from the Sacramento River

system generally extends as far out as one mile on each side of the rivers

and bypasses.

The study area, as sho\m on Plate 1, "Area of Investigation",

consists of continuous strips of land on the landward side of the river

levees. The strips average about 2 miles in width measured from the

levee on either side of the watercourse and were selected to extend

beyond the actual seepage area. The entire area of investigation totals

about 625 square miles.

-6-



The investigated area is boiind on the north by Ord Ferry,

about 11 miles southwest of Chico on the Sacramento River ^ and a point

jvLst north of Marysville on the Feather River. Very little seepage

occurs north of the study area because the land generally lies well

above river level. Seepage south of Walnut Grove is being studied as

part of the comprehensive investigation of the Delta facilities of the

State Water Project. Therefore, the southern boundary was established

at Walnut Grove.

Lands bordering the Tisdale, Yolo, and Sutter Bypasses; the

Colusa River Drain, and the Knights Landing Ridge Cut are also included

in the study area, as are lands along the lower reaches of the Yuba, Bear,

and American Rivers. Lands abutting the various channels in the Sacramento-

San Joaquin Delta north of Walnut Grove are also included. Lands on the

river side of the levees suid within the bypasses were not studied, as

these areas are inundated by flooding rather than by seepage during high

river stages.

Conduct of Investigation

The dynamic influence of river axid groxind water conditions on

seepage and the economic effects of seepage had not been studied in detail

prior to this investigation. Therefore, new methods had to be developed

for collecting and amalyzing data on seepage and the economic effects of

seepage. The early phases of the investigation were devoted to the col-

lection and interpretation of basic information fundamental to the study.

Analyses were conducted as the concluding phase of the investigation.

-T-



Information compiled during previous investigations vas re-

vle\red and a data collection program was developed. Many types of data

vera obtained, the most important being river and bypass flows; groxmd

water levels near the v^atercourses; the location, areal extent, and

dxn-ation of seepage; measurement of the relative potential of various

areas along the watercourses to seep; and information concerning the

economic effects of seepage.

Additional staff gages were installed along the watercourses

in the valley and high flov7 stages vrere recorded. Staff gages along

the Sacramento and Feather Rivers were placed on a common elevation

datum so that water surface profiles could be correlated, -vrith ground

water elevations.

Ground water observation wells and piezometers installed during

prior investigations by the U. S. Bureau of Reclamation, U. S. Army Corps

of Engineers, Department of V/ater Resources, reclamation districts, and

county farm advisors were measured as a network to determine ground water

levels.

The electrical resistivity of the subsurface strata adjacent

to the watercourses was measiired to determine the relative potential of

the various areas to seep. The lateral boundaries of the seepage areas

were delineated from this information.

A considerable quantity of economic information was compiled

and used to determine the effect of seepage on the agricultural and urban

economies.

Seepage adjacent to the Sacramento River system was field mapped

during flows of high stage and long dxiration. Dxxring these periods, seepage



was also recorded by aerial photographic methods using infrared film

vrith various filter combinations to create contrast and to intensify

the imagery of seepage areas. Photointerpretation techniques for

identification of seepage areas vrere developed during the investigation.

Seepage areas were delineated for six different seepage occurrences.

Statistical correlations between riverflow conditions and

areas of seepage were developed. These correlations were based on meas-

ured riverflows and seepage areas that were identified on aerial photo-

graphs and verified by field observations. These relationships were

vised to estimate seepage under present and proposed futvire river

operating conditions.

Because the area covered by the investigation is large, special

areas were selected for detailed examination. Eight areas, referred to

as physical study areas, each selected to represent conditions in a

much larger portion of the area of investigation, were established.

Detailed topographic, hydrologic and geologic measurements were obtained

in these areas. This approach allowed concentration of study in a limited

number of areas and also enabled detailed instrumentation and subsurface

exploration to be carried out within the cost limitations of the investigation.

Eleven economic study areas were selected. Farmers, county and

Torban officials, and others in each economic stiidy area were interviewed

to obtain information regarding seepage damage. In addition, crop yield

tests were taken in these areas to determine the reduction in yields caused

by seepage. The physical and economic study areas are shown on Plate 2.

Studies were made to estimate the economic impact of seepage.

Since approximately 90 percent of the area is utilized for agriculture.



most of the effort was devoted to determining the influence of seepage

on the agricultural economy. However, the influence of seepage on the

iirban economy eilso was investigated.

Guidelines were developed for eval\aating the impact of seepage

on a particular crop. These guidelines are based upon three factors: the

time of the year of the seepage occurrence, the duration of the seepage

period, and the susceptibility of the particular crop to seepage damage

under the foregoing conditions.

Finally, information developed during the investigation was used

to evaluate the effect on seepage and seepage damage of the operation of

Oroville reservoir and of increased svmimer flows which could resiilt from

future projects that might utilize the Sacramento River to convey water

to the Sacramento-San Joaquin Delta.

Conclusions

1. Seepage from the Sacramento River system now has

ein effect on the econcany of the State. The effect on
agriculture is greater than on the urban economy.

2. Operation of Oroville reservoir should greatly
reduce the magnitude of seepage along the Feather River
caused by high flows of short duration. It should
moderately reduce the magnitude of seepage caused by high
flows of intermediate duration. Seepage resulting from
high flows of long duration should not be changed signifi-
cantly by the operation of Oroville reservoir.

3. Operation of Oroville reservoir shoiild greatly
reduce the probability of seepage and seepage damage
occurring along the Feather River during April auid May.
The probability of seepage and seepage damage occurring
during December, Janviary, February, March, and June should
be moderately reduced by the operation of Oroville reservoir.

-10-



h. Summer flow3 in the Feather River should not be
large enough to cause seepage. With Oroville reservoir
in operation, the maicimani simraer flow at Hicolaus should
be about 6,000 cubic feet per second and should occur in
A\agust. Seepage normally does not occur along the Feather
River vhen the flov at Kicolaus is less than lU,000 cubic
feet per second.

5

.

Seepage conditions should be documented for at
least 5 years after the Oroville facilities are in operation.
The additional data will establish, to a higher degree of
accixracy than is now possible, the effect of the operation
of the Oroville facilities on seepage.

6. The approximate maximum flows that can be maintained
in the Sacramento River for long dirrations without causing
seepage in the top h feet of soil are as follows:

Colusa Weir to Fremont Weir 9^000 cfs
Fremont Weir to /iraerican River 15,000 cfs
American River to Kood 19,000 cfs

7- Use of the Sacramento River channel to convey imported
water supplies will not influence seepage and seepage damage
during the winter. It appears, however, that any material
importation would contribute to summer seepage and damage.
Under foreseeable conditions, this should not occur prior to
about 1990.

8. A drainage system adjacent to the Sacramento River
appears to be the best method for controlling possible future
summer seepage. Based on conveyance of an ass\amed importation
of 9jOOO cubic feet per second in the Sacramento River, a
drainage system would have to have a benefit-cost ratio of
approximately 2.5:1. Moreover, a drainage system would also
provide additional benefits by controlling winter seepage and
by mailing possible the use of seepage to irrigate crops during
the growing season.

9- Routes other than the Sacramento River shoiild also be
considered as possible alternatives for conveying imported water
through the Sacramento Valley from developments which will
becor.ie operational after about 1990.

10. There appears to be no need at this time for the State
to malie detailed studies v/hich would lead to authorization of
seepage mitigation facilities in the Sacramento Valley. 'There

are, however, a number of localized areas adjacent to the
Sacramento River, particularly bet\>feen Colusa and Knights Landing,
and the Feather River doA-mstream from Nicolaus, where seepage
alleviation facilities should be given further consideration,
either by individuals or local agencies.
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Office Reports

Detailed information on which this report is based is con-

tained in the fo.llov:ing Department of Vfater T^esources office reports:

Sacramento Valley Seepage Investigation
Data Collection and /malysis

Sacramento Valley Seepage Investigation
Geology

Sacramento Valley Seepage Investigation
/\nalog Modeling Study on Seepage in the Sacramento Valley

and Computer Predicted Hydrographs
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CHAPTER II

SEEPAGE AND SEEPAGE DAMAGE

There are many highly complex, interrelated and sometimes

contradictory factors which affect seepage and seepage damage. The

effects of some of these factors are vinderstood, whereas others can

only be surmised. Therefore, althotigh generalizations can be made,

each occurrence of seepage must be separately and individually con-

sidered in ajay detailed investigation of seepage and seepage damage.

A discussion of these factors and their influence on seepage and

seepage damage in the Sacramento Valley is included in this chapter.

Factors Influencing Seepage

Basically, seepage occurs when the differential head between

the water surface in a leveed channel and the ground water table in

hydraulic continuity with the water in the channel is maintained long

enough to cause the ground water level to rise into the crop root zone.

Figure 2 shows how a ground water mound is formed causing

seepage following a rise in water level in a river. During periods of

relatively static low river stage, the ground water table is essentieilly

at a constant level. That is, the amount of water entering the ground

water body from the river is about equal to the amount of ground water

flowing away from the river. As the river water surface rises above the

ground water table, flow through or beneath the levee increases under the

pressure of the steepened gradient and more water enters the ground water

body than flows away. This causes the ground water table to rise rapidly
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ANTECEDENT GROUND WATER LEVEL

INITIAL GROUND WATER MOUND BUILDUP
AFTER RIVER RISE

MIGRATION OF GROUND WATER MOUND AFTER
SEVERAL DAYS OF HIGH FLOWS

GROUND WATER MOUND BUILDUP
Figure 2
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immediately adjacent to the channel. This wedge of water moves outward

from the river, the height, distance, euid rate of formation of the mound

depending upon factors which are discussed later in this chapter. If

the river remains high for a long period, the ground water will eventually

reach a stable position. With a sufficiently high river staige, the ground

water table could reach ground surface.

Figure 3 depicts the recession of the mound. When the river

water siirface drops, the ground water mound begins to dissipate. The

ground water near the river starts flowing back to the river. The groiHid

water at a greater distance from the river flows away from the river toward

areas with lower groimd water table elevations. The ground water mound

dissipates fairly rapidly at first when the gradient is steep. As the

mound flattens, with resultant reduced gradient, the rate of dissipation

decreases. Eventually, the ground water table returns to a static level.

This idealized concept of the formation eind dissipation of

seepage is influenced by a number of factors. The six factors which have

the greatest influence are the stage and diiration of the river or contrib-

utory watercourse above a base level below which seepage does not occxir;

antecedent soil moisture conditions; topography of the land adjacent to

the watercourse; geology and soils in the area; location and change in

the ground water table; and drainage works in the area. These six factors

are discussed in this chapter.

Other factors which influence seepage include the width and

depth of the channel, height and width of the levee, agriciiltural

practices in the seepage area, extent of the area covered by vegetation,

and chemical quality of the seepage. Because these factors usually have

only a minor influence on seepage, they are not discussed in this report.
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SEEPAGE AT GROUND SURFACE

Jl.
GROUND SURFACE

INITIAL DISSIPATION OF GROUND WATER MOUND
AFTER RECESSION OF FLOWS

GROUND SURFACE

DISSIPATION OF GROUND WATER MOUND
AFTER RECESSION OF FLOWS

GROUND SURFACE

GROUND WATER MOUND RECESSION
Figxire 3
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Since the factors aiTecting seepage are interrelated, variation

in one or more factors will cause a change in others. Therefore, it is

difficxilt to isolate the specific influence of any one factor on seepage.

For this reason, the relationships developed during this investigation

for estimating the occurrence emd magnitude of seepage can be \xsed as

guidelines but should not be considered as exact.

Stage and Duration

The two most important factors affecting seepage are the stage

or elevation of the water surface in the river above a certain critical

base level below which seepage does not occur, and the duration of the

stage above this level. The river mast remain above this base level for

a certain period of time before seepage starts. Both the stage and

duration necessary to cause seepage are dependent upon a, number of phj-^sical

factors and vary throughout the area of investigation.

The stage of the river above the critical base level, called critical

stage, is the force that pushes water through the soil. The higher the

river stage, the greater the force and the greater the seepage.

The duration of the river stage determines how far out the water

moves into the adjacent land and how much soil will become saturated. The

longer the duration of a high river stage, the more time the water has to

move out from the river, and the greater the area affected by seepage.

Studies made during this investigation indicate that at the

onset of seepage, the seepage area depends primarily upon the height of

the river surface above critical stage and the antecedent soil moistxire

and grovind water conditions. The influence of these factors decreases

during the seepage period. As the length of the seepage period increases,
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the influence of the duration of the river level above criticsuL sta^e

becomes increasingly more important on the magnitude of seepage.

The flow in the Sacramento River which averages about

15,376,000 acre-feet per year at Sacramento and 7,278,000 acre-feet

per year at Colusa is closely related to the amount of precipitation

over the watershed. Streams in the Sacramento River system reach their

maximum stages during periods of heavy rainfall between November €Uid

April. Extremely high streamflow generally lasts for only a few days.

However, moderately high flows fed by successive rainstorms and melting

snow, may persist for many weeks or even months. After the spring snow-

melt period, rvinoff in the rivers declines to a fairly steady base flow

which slowly diminishes through the summer. An aerial view of the

Feather River at Shaxighai Bend during the December 1964 flood

is shown as Figure k. This figure illustrates the magnitude of flows

which can develop in the Feather River. These flows average 5,590,000

acre-feet per year at Nicolaiis. The arrows indicate the locations of

pressure relief wells which were constructed to control deep seepeige and

protect the stability of the levee at Shanghai Bend.

River levels in the Sacramento River Basin are greatly influ-

enced by the operation of the Sacramento River Flood Control Project and

the larger water conservation projects in the Sacramento VaJ.ley. The

influence of these projects on river stage and duration is discussed in

the following sections.

Sacramento River Flood Control Project . The Sacramento River

Flood Control Project consists of a system of levees, weirs, emd bypasses

designed to convey flood waters through the valley with a minimum of

damage to agricultural euid urban lands.
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The principal physical featiores of the project are depicted

on Plate 1. The physical works include levees along the Sacramento,

Feather, Yuba, Bear and American River channels; leveed bypasses through

the Sutter and Yolo Basins; relief bypasses from the Sacramento River

to the Butte Basin at Moulton emd Colusa Weirs; a relief bypass from

the Sacramento River at Tisdale Weir to the Sutter Bypass; a relief

bypass from the Sacramento River at Sacramento Weir to the Yolo Bypass;

a spillway structure or weir at each point where water is auLlowed to

overflow from the river channels; and the widening and deepening of the

Sacramento River channel from Cache Slough to its mouth.

When a flood discharge exceeds the carrying capacity of the

river channels, the overflow weirs act as safety valves, diverting the

peeik floods into the bypasses and ssifely throxogh the valley. The maximum

capacity of the project is 579,000 second-feet. The project provides

protection from floods to about 800,000 acres of highly productive agri-

cultural lajids and the cities of Marysville, Yuba City, and Sacramento

as well as numerous smaller commjonities.

The Sacramento River Flood Control Project has a marked effect

on seepage conditions. Before the bypasses were built, floodwaters over-

flowed into the flood basins which generally parallel the rivers and

caused considerable general flooding. Confinement of floodflows by levees

has resulted in higher water stages with consequent occurrences of seepage

in some locations adjacent to the bypasses. The diversion of water from

the rivers through the bypasses has, however, reduced river stages, thus

reducing seepage adjacent to the rivers.
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Oblique aerial photographs taken during the April 1963 flood-

flow period (Figxire 5) show two features of the Sacramento Valley Flood

Control Project in operation.

Upper photo - Tisdale Weir is shown spilling high-stage

floodflows over the weir and into the Tisdale Bypass.

These flows travel easterly along the bypass and commingle
with the flows in Sutter Bypass which originate in the

Butte Basin area. These ccxabined flows travel southerly

along the bypass and Feather River to Fremont Pool, which

is in the vicinity of Verona and the junction of the

Feather and Sacramento Rivers. Tisdale Weir lowers the

stage in the Sacramento River between the weir and Knights

Landing, thus reducing flood danger and seepage along

this narrow and restricted reach of river channel.

Lower photo - Fremont Weir is shown spilling floodflows

over the weir and into the Yolo Bypass. Flows travel

southerly in the bypass and reenter the Sacramento River

above the city of Rio Vista reducing flood danger and
seepage along the lower reaches of the Sacramento River.

The spill over Fremont Weir is a ccmbination of floodflows

from the Sutter Bypass, the Sacramento River, and the Feather
River. The capacity of Yolo Bypass at the intake (Fremont

Weir) is 3^3,000 cubic feet per second.

Existing Water Consei-vation Projects . Many water conservation

projects in the Sacramento River Basin affect the flows in the rivers

within the study area. Reservoirs have the most significant inLfluence

as they regulate the flows of the varioixs rivers. Shasta and Folsom

Reservoirs presently have the greatest influence on streamflow regimen

in the Sacramento Valley. Oroville reservoir sho-uld control flows of the

Feather River starting in the later part of 1967.

Generally, peak floodflows are stored temporarily in flood

control or multiple -purpose reservoirs and later released at rates

which will not cause downstream flooding. The effect of these reservoirs

is to reduce peak flows which tends to reduce seepage during flood periods.

These resei^roirs, however, \isually extend the flood releases over longer
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Figvire 5. Tisdale and Fremont Weirs overflowing during the

April 1963 seepage period
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periods, which could extend the duration of seepage. The net effect

of water conservation projects on seepage depends both on the storm

conditions and the manner in which the reservoirs are operated.

Antecedent Soil Moisture Conditions

Studies mad.e during this investigation indicate that ante-

cedent soil moisture conditions have an important ixifluence on

seepage

.

The rate at which seepage appears is related to the initial

soil moisture content because less seepage is required to bring an

already moist soil to saturation. Therefore, the wetter a soil before

the river rises above critical stage, the sooner seepage should appear.

The soil moisture content at the time seepage occurs is

primarily dependent upon two factors, the amount of rainfsLLl occurring

shortly before the river rises, ajid the groimd water level prior to

the occurrence of seepage.

The amount of moisture in the soil at the time a watercourse

rises above critical seei)age stage can vary over a wide range. This

accounts for the considerable difference in the rapidity with which

seepage may occur and in the magnitude of the seepage area under differing

soil moisture conditions. Soil moisture conditions tend to stabilize

during a seepage period and consequently the influence of soil moisture

decreases with time.

The influence of antecedent soil moistvure conditions can be

quite pronoionced. Seepage which would cover many acres of land if ante-

cedent moisture conditions \rere high, may not even occur if antecedent soil
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moisture is low. Furthermore, a slight rise in river level above

critical stage may very rapidly cause a considerable amoxint of seepage

if the eintecedent soil moisture is high. This explains why the first

seepage of a season is usually smaller in areal extent and slower to

occur than those later in the season when the soil moisture is higher.

Ground Water

The configuration smd slope of the ground water table within

the study area is largely influenced by the river system, and varies

throughout the area and changes throughout the year. The elevation of

the water table normally ranges from groxmd surface to 20 feet below.

The water table immediately adjacent to the river is usually hydraulically

connected to the river. Ihus, ground water either percolates to or from

the river depending upon the relative stages of the river and the adjacent

water table. The ground water basin is also naturally recharged by direct

percolation from precipitation and from downward movement of applied water

on the land surface. The water table is generally drawn down in the spring

and summer by the large amovmt of groxmd water which is pumped for agri-

cultural use.

North of Colusa the water table generally slopes downward from

the foothills to the river. South of Colusa the water table usually

slopes from the foothills and the Sacramento River downward to the flood

basins on either side of the river.

The timing and ultimate area of seepage are directly related

to the depth and slope of the ground water table. If the water table

is initially near ground surface and there is a good hydraulic connection
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to the river, it takes little time for a rise in river stage to cause

seepage. Conversely, where there is a deep ground water table, the

same increase in river stage may not cause seepage, or it may take a

much longer time for seepage to appear. Therefore, where the ground

water table is initially low, seepage frcm a short-duration flood may

not affect surface conditions, whereas the same situation at a location

with a high water table may have a marked surface effect.

In most of the irrigated agricultural lands adjacent to the

Sacramento and Feather Rivers, the water table is closely controlled

by surface and subsurface drains. When a long-duration flood occurs,

these facilities sometimes become overtaxed and eillow the ground water

table to rise to the ground surface. Thus, the position, action, and

control of the ground water table influence both how fast seepage appears

and the extent of the seepage area.

Topography

Topography has a very important bearing on seepage and seepage

damage. In areas where the ground surface is always higher than the

highest river water surface, seepage is seldom a problem. Where the ground

surface is below river water surface at all times, seepage may occur the

year around if the proper combination of other physicaJ. factors is present

and if physical works for seepage control have not been provided. Where

adjacent lands are above river water surface most of the time but are

below the water surface at moderate to high riverflows, seepage can occur

intermittently, if the proper combination of the other factors is present

and no physical control exists. Seepage also appears sooner, occurs in
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greater qimntity, and lasts longer where the difference in head between

the river and ground water sxirface is the greatest.

The floor of the Sacramento Valley slopes southward from an

elevation of about 300 feet at its northern extremity to below sea level

in the Sacramento-San Joaquin Delta. Lands at the upper end of the valley

slope from the foothills to the river. In the vicinity of Butte City,

the valley floor starts to level out with the result that the rivers have

built up bixjad, low floodplains and natural levees adjacent to the channels

through deposition of material dvirlng flood periods,. The floodplains

and natural levees slope gently away from the rivers to lower areas or

flood basins parallel to and on each side of the rivers. In the vicinity

of Sacramento the natural levees reach a maximum height of from 10 to 15

feet above the adjacent flood basins. The flood basins are identified

as the Colusa Trough on the west side of the Sacramento River as far south

as Knights Landing, and as the Yolo Basin from there south. The Butte,

Sutter, and American Basins are the principal flood basins on the east

side of the Sacramento River.

Man has constructed levees on both sides of the river in the

study area. These levees are from 15 to 30 feet high smd have generally

been constructed on top of the natural levees. Thus, the Sacramento River

below Hamilton City and the lower reaches of the Feather River flow in

broad, elevated trenches, flanked on either side by low-lying flood basins.

Land leveling alters the topography, thus affecting seepage.

If the land elevation is lowered, the amount of seepage should increase.

Furthermore, seepage will generally appear first in low spots and de-

pressions where the difference in head between the river water surface
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and ground surface is greatest. Local runoff also tends to collect in

these depressions, contributing to waterlogging (soil saturation).

An example of ponded seepage is shown on Figure 6. "The sequence

of photographs was taken in April 1963. The depressed area long the

right bank of the Sacramento River above Fremont V/eir is normally above

the level of the river except during flood periods. Seepage flov/s away

from the river and ponds in swales and against the lower part of the field

at the edge of the natural levee and county road. In April 19^3^ the field

was being graded and leveled to remove the swales and raise the elevation

of the lower portion of the fie].d. This operation made the field more

adaptable to farming but iri.ll not solve the seepage problem. In this case,

the land leveling increased the area affected by seepage. Before the

leveling, seepage was concentrated in the low portions of the field between

the levees. However, leveling lowered the higher areas and increased the

effective head which causes seepage, thereby increasing seepage over a

greater portion of the area.

Geology and Soils

Sediments deposited along the river channels in the study area

have been generalized into three types: (l) stream deposits—a gray,

loose, gravelly sand of high permeability; (2) floodplain and natural levee

deposits'-brovm, soft, clayey silts and fine silty sands of high to low

permeability; and (3) flood basin deposits—a gray, stiff clay of low

permeability. A tj^ical geologic cross section is shovm on Figure 7.

Seepage flows through the permeable stream deposits and floodplain and

natural levee deposits. Tlie flood basin deposits formed fine-textured
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Figure 6. Ponded seepage between river levee and natural levee.
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clayey soils vhich, because of low permeability, generally restrict the

flow of seepage and act as irapermeable boiindaries.

The stream deposits were formed dviring the early post-Wisconsin

glacial stage when stream gradients and velocities were very high.

Highly permeable sands and gravels were deposited in the deep, wide

channels which had been formed during the Wisconsin glacial stage (see

Figure 7). The stream deposits extend vertically to a maximum depth of

approximately 100 feet and laterally about 1 mile. Most of the seepage

flows through the stream deposits because these soils are generally

hydraulically connected with the rivers and are highly permeable.

Figure 8 shows seepage which has saturated pervious soils next to the

Sacramento River.

The floodplain and natural levee deposits were formed over the

stream deposits during the later post-Wisconsin glaciaJ. stage when the

rise in sea level reduced the stream gradients and velocities along the

Sacramento and Feather Rivers. This caused the deposition of finer

grained material such as fine sand, silt, and clay. The rise in sea

level and the lowering of the stream velocities also increased the

meandering of the rivers which accounts for the high variability of

these soils, ranging from sand to clay, and the existence of abaindoned

chajinels. Generally, the relatively coarser grained soils were deposited

adjacent to the main river channels and the finer grained soils were

deposited farther away. The verticeil thickness of the floodplain deposits

ranges to 30 feet, and averages about 15 feet. At present, the natural

and man-made levees are relatively impermeable because of the fine

suspended sediment of silt and clay which was deposited on the levees
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Figure 8. Seepage along the west bank of the Sacramento River above
Fremont Weir.

The oblique aerial photographs taken during the April I963 seepage period
define the seepage pattern and show the gradation of saturation landward
from the levee. Seepage in this area drains into an abandoned oxbow land-
ward from the row of oaJc "^rees at the bottom of the upper photograph. This
results in dewatering the area near the grove of trees surrounding the oxbow.
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during the recession period of the high flood stages. The quantity

of seepage which flows through the floodplain deposits varies because

of the irregular deposition and varying permeability of these soils.

The flood basin deposits consist of clayey soils which were

formed largely prior to the deposition of the stream deposits and flood-

plain and natural levee deposits. Many of these basin soils are under-

lain by a hard, impervious substratum. Before the rivers were confined

by permanent levees, flood basin soils were repeatedly deposited during

overflow periods in the low areas such as the Colusa and Sutter Basins.

The high clay content of the flood basin deposits limits the quantity of

seepage transmitted through these deposits.

The most significant soil characteristics influencing the

occurrence and msignitude of seepage are the vertical and lateral extent

and permeability of the various soil deposits. The width of natural

levees also has a bearing on seepage.

The vertical, and lateral extent of seepage is limited by the

location of the impermeable flood basin deposits which underlie the

stream deposits and laterally border both the floodplain and stream

deposits. The geologic sections on Plates 12 through l8 show the limit

of the potential seepage zone along cross sections at selected locations

in the sttidy area. The electrical resistivity maps on Plates 19 through

29 show the lateral extent of the potential seepage zones at 11 locations

within the area of investigation. It was found that the stream deposits

have a fairly consistent depth, but that the floodplain deposits vary

considerably in depth. Generally, more seepage is transmitted where

the floodplain deposits are very permeable or thinner than the permeable

stream deposits.
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Vertical permeability of the floodplain deposits ranges from

approximately .001 to 5.0 feet per day, and the vertical permeability

of the stream deposits varies from 1.0 to 30.0 feet per day. The large

range in the permeability of the floodplain deposits is due not only to

the irregular deposition of soils, but also to structural features such

as small root holes and cracks which affect permeability more than does

the grain size distribution. These holes and cracks were frequently

found in soil located above the normal water table and in fine-grained

soils. This large variation in permeability accovmts in part for the

nonuniform occurrence of seepage.

Anisotropy, the ratio of vertical permeability to horizontal

permeability, affects the rate of seepage flow. In this investigation,

the anisotropic ratios of the stream deposits were generally found to be

close to unity. In areas where the anisotropic ratio is lowest seepage

is usually distributed further inland. In a typical case where the less

permeable floodplain deposits overlie the highly permeable stream deposits,

the rate of seepage flow increases with an increase in the anisotropic

ratio.

The widths of the natural levees are highly variable because of

the nonuniform method of deposition, river meander, variable sediment

load, past levee breaks, scours, and overflows. The natxrral levees are

generally broad, but man has raised the levees and leveled the abutting

lands to fill in low areas such as abandoned channels. Thus, the shape

of the present levees are somewhat modified from the natural form.

Generally, with other conditions the same, the wider the levee the less

the rate of seepage flow.

33-



Old river channels which have been cut off from the present

channels either natvirally or by the action of man in constructing

river levees, have a small, localized influence on the location of

seepage. Although the type of material varies considerably, abandoned

channels are generally filled vith fine-grained materials. Where these

old river cliannels are hydraulically connected to the stream deposits,

they readily transmit seepage upward during periods of high river stage.

This investigation showed a general similarity in arrangement

of the floodplain and stream deposits in the area of investigation.

However, the continual deposition and erosion caused by the meandering

streams have created an area which is highly complex. Each area is

lonique and must be so treated in a detailed study of seepage or drainage.

Drainage Works

Waterlogging problems in the area of investigation result

almost entirely either from precipitation or from seepage from the rivers

or bypasses or both.

The location and operation of drainage facilities greatly

influence the area affected by seepage. This influence is exerted by

the ability of drainage facilities to control the height euid fluctuation

of the water table.

Properly designed and operated drains allow the water table to

be maintained below the root zone in agricultural areas and to be main-

tained below the foundation of buildings, roadways, and airport runways

in urban areas.

Drainage ditches and tile drains are the most common types of

drainage facilities in the stiidy area. Relief wells have been used in
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several locations. The type of drainage facility which is most effective

depends primarily vrpon local soil and drainage conditions.

In most instances, open drainage ditches are probably the best

and most economical facilities. Two types of open drains are extensively

used in the study area—toe drains along the landward toes of the levees

and ditch systems consisting of main drains, laterals, and sublaterals

in the fields adjacent to the rivers and bypasses. The toe drains are

limited to alleviating near-surface seepage and seepage through the man-

made levees, whereas the lateraJ. systems, if properly designed and

operated, can usually alleviate seepage anywhere within the crop root

zone in fields near the watercoiirses.

Tile drains placed underground offer a permanent method of

draining land. A single tile line paralleling the levee would control

only near-surface seepage, whereas a tile drainage system, including

laterals, can effectively control seepaige at considerable distances

from the levees.

Relief wells reduce the hydrostatic pressure at or near the

landward toes of levees by providing outlets for seepage from underground

strata. Relief wells are therefore most effective in controlling deep

seepage and in protecting levee stability at specific locations. However,

they cost considerably more than either open or tile drain systems.

Pumping plants are usually constructed with each type of drain-

age system to pump the drainage flows back into the rivers or bypasses.

Drainage facilities also intercept drainage from local rain-

fall. This is important, as seepage generally occurs after heavy or

prolonged periods of rainfall.
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Drainage facilities in the Sacramento-San Joaquin Delta are

quite extensive ajid are very effective in controlling seepage, except

during the most severe seepaige periods. South of Clarksbiorg, the lands

are drained by aui intricate system of ditches and some tile drains

which intercept and remove large quantities of seepage. The agricxiltural

areas north of Clarksburg are not as extensively covered by drains and

are usually served by large reclamation district drainage ditches or by

tile drains installed by the landowners. Figure 9 shows two examples

of seepage being collected in open drains.

A seepage relief well system, constructed by the U. S. Army

Engineers, controls deep seepage and protects the right levee of the Feather

River near Shanghai Bend. Three relief wells were constructed by the

Department of Water Resources to protect the levee near Old River at the

west end of Fremont Weir.

The larger \irban centers such as the City of Sacramento

generally have adequate underground drainage facilities. In addition,

drainage facilities are constructed to protect buildings, roads, rail-

roads, and airports from high water table conditions and damage.

Seepage Damage

The Sacramento Valley is one of the principal agricultural

areas in the country. Practically every crop grown in California can

be found in some part of the valley and the adjacent foothills.

Agriculture and allied services are the principal economic

activities in the study area. Most of the agricultural lands are planted

to field crops and grain with the remainder in orchards. The field crops
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Seepage flowing down the cut-bank
of drainage ditch about l/2 mile
away from the Sacramento River on
the River Farms property north of
Knights Landing.

A 12-inch outfall pipe spilling
seepage collected from field
drain adjacent to the Sacramento
River on the Van Ruiten ranch
upstream from Kirkville. The
flow at the outfall was
estimated to be 0.25 cfs.

Figure 9- Seepage collected by drainage works,
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include barley, sugar beets, beans, milo, tCMuatoes, rice, alfalfa,

pasture, safflower, and a negligible acreage of other crops. The

orchards are mostly valnuts, pears, peaches, and prunes. Because

agriculture is the most important economic activity in the aj:«a,

the effects of seepage on the agricultural economy are more signifi-

cant than on the urbsji econcany.

The present irrban areas are largely confined to the higher

groxmd along the rivers and have fairly adequate drainage facilities.

Thus, urbaji areas do not experience seepage to the extent that the

agricultural areas do.

Seepage can have both beneficial and detrimental effects on

the economy. Seepage recharges the ground water body and is sometimes

used as a source of water for subirrigation and for leaching agricultxiral

lands, particularly in the Sacramento-San Joaqiiin Delta. Seepage is also

used as a source of water for duck ponds sjid has other beneficieil effects.

The primary effect of seepage, however, is usually detrimental.

In agricult\iral areas, seepage prevents or delays the vise of

lands to their full econcxaic potential, delays or prevents planting of

crops, reduces crop yields, kills orchards and annual and perennial

crops, forces undesirable salts upward into the root zone of crops and

trees, and otherwise interferes with farming operations. Seei)age also

necessitates the construction, operation and maintenance of drainage

facilities on agricultural lands.

Seepage delays development in some urban areas and requires the

installation and operation of drainage facilities for buildings, roads,

and airports in these areas.
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Types of Agriciiltural Damage

There are two primary types of seepage damage to the agricultural

economy. These are direct damage to crops, and indirect damage due to

limitation on land use. The most obvious type includes the inability to

plant crops at the optimum time, total to partial loss of crops, the in-

ability to double crop, decreased crop yields, loss of trees and perennial

plants, and miscellaneous damages such as additional cultivation and loss

in effectiveness of fertilizer.

In addition to direct damage, seepage often imposes a limitation

on the type of crops which can be grown. In many areas, an increased

intensity of use or an entirely different cropping pattern yielding a

higher net income could be established if seepage were not prevalent.

Crop Damage . The direct impact of seepage on a particular crop

is basically attributable to three factors: (l) the time of occ\xrrence

of seepage, (2) the dviration of seepage, and (3) the susceptibility of a

particular crop to seepage damage.

The time of occurrence of seepage is critical with respect to

the type of crop and the state of crop growth. If seepage occurs during

the period a crop is dormant or during a cool period, a crop is less

susceptible to damage than during the crop growing season or during a

warm or hot period. Also, in the case of annual crops, seepsige may occur

before the crops are planted, thus causing little or no damage. Generally,

the economic effect of seepage on a crop increases up to the time of harvest.

An example of seepage damage to orchards is shown on Figure 10.

This photograph shows the typical visual effects caused by seepage. The

center photo on this figure shows a portion of an orchard pruned back be-

cause of root damage from seepage.
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Waterlogged, stunted,
and a few toppled
walnut trees caused by
seepage along the
Feather River south of
West Catlett Road,
February I962.
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The duration of seepage has a direct effect on the amount

of damage to crops, regardless of when seepage occurs. However, the

Eimount of damage resulting from a specific duration increases con-

siderably late in the growing season when the plant nutrient and water

requirements are high. Since plant growth is dependent upon the

functioning of the root system, an interruption of the normal fiinctions

of the roots disrupts the flow of nutrients to the detriment of the plant

in general. During the cooler portion of the year, plaints cam survive

longer periods of seepage than during warmer periods when growth is more

active

.

Some crops are less susceptible to damage from seepage thsm

others because they are more salt tolerant or less susceptible to damage

from an oxygen deficiency. Thus, seepage of a specific duration at a

given time may severely damage or completely destroy one crop, while

another crop may suffer only slight or moderate damage.

Limitation on Land Use . Seepage limits the use of land in

some agricultural areas. Without seejjage control, the type of crops

which cem be grown is limited in areas which frequently have seepage.

Crops which are tolerant to water in the root zone aind/or shallow rooted

are often planted in these areas, even though they yield a relatively

low economic return. Repeated occurrences of seepage will cause an area

to be less intensively farmed.

An increased intensity of land use or an entirely different

cropping pattern yielding a higher net economic return could be estab-

lished in some areas if seepage were controlled. If the economic

return from the land is increased, the market value of the leind could
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normally be expected to appreciate. Thus, the restriction on land use

imposed by seepage reduces the market value of agricultural land.

Factors Influencing Agriciiltural Dcunage

A basic knowledge of soil moisture conditions and the ecologicauL

factors affecting plajit growth are essential to the evalixation of the

economic effects of seepage on the agricultural economy. Optimum plant

growth occurs under ideal conditions when the soil temperatvire and the

quantity of oxygen available to the root system are in balance with the

normal requirements of the crop. Any deviation frcan the optimum growing

conditions as a result of seepage can result in an economic loss due

either to decreased crop yield or reduced quality of a crop or both. Seepage

damage to grain crops planted along the Sacramento River is shown in

Figure 11.

Available Oxygen . Oxygen in the upper strata of the soil is

essential for optimum root growth and the subsequent development of plants.

When the soil is saturated, as it is when seepage is present in the form

of a high water table, oxygen is not present in the root zone and growth

is inhibited, usually decreasing crop yield and/or crop qiaality.

In describing and discussing the effects of seepage, it is

necessary to distinguish between moisture from seepage and moisture from

other sources. Seepage differs from applied irrigation water ajid rain-

water in the manner in which it enters the soil. Seepage movement occurs

primarily when the soil is saturated and can be horizontal, upward, or a

combination of both. This movement drives the oxygen necessary for plant

growth frcan the pores of the upper soil strata. Seepage can also carry
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Fig\ire 11. Crop damage from seepage along the left bank of the
Sacramento River above Missouri Bend.
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\xndesirable salts upward into the crop root zone. In contrast, irri-

gation and rainwater percolate downward without saturating the soil,

and bring in oxygen and carry away excess salts.

Although the roots of crops are exposed to nearly satxirated

soil conditions for a short period of time during irrigation, particularly

by the flooding method, growth is not inhibited and the plants are not

damaged as is the case with seepage. This contrast in what appears to

be similar circumstances is due to three factors. The short time of

near-saturation is the primary difference. Second, irrigation water

contains more oi<ygen than does seepage. Third, as irrigation water

percolates downward through the soil, it draws in fresh air and also

dissolves carbon dioxide and leaches it from the root zone.

Roots respire just as do other parts of the plant, and are

injured if an adeq-uate supply of o>:ygen is not available. Since respiration

is most rapid during the plant growing season, seepage damage is likely to

be greater during the grovring season than in the dormant season. In general,

total root growth and the rate of gro^rth decrease with a decrease in oxygen

supply and an increase in carbon dioxide in the soil.

Soil Temperature . Soil temperature, an important factor for

crop germination and gro\-rth, is lower in saturated than in unsatiirated

soils. Some crops such as cereal crops will sprout when the soil temper-

atirre is about 45 F, but soil temperatures from TO to 90 degrees are more

favorable for both germination and plant growth. Soil bacteria which

create plant food are also less active at lower temperatures than at

tem.peratures ranging between 80 and 95 degrees.
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Experiments reveal that low soil temperatures reduce the

absorption oi water by the plant roots. Under certain circumstances,

this causes wilting of plants because the uptake of water does not

correspond to the quantity of water lost by transpiration.

Thus, the effect of seepage in reducing soil temperature can

decrease farm income by delaying the period of crop germination and

harvest, and by decreasing the crop quality auad yield.

Decreased Respiration . Respiration is the process by which

plants absorb oxygen and give off products. Plant pathologists

have determined that the energy released by respiration is essential

for the movement of solutes (the elements necessary for plant growth)

into the plant cells. If respiration of actively accumulating tissue

is decreased by chemical inhibitors, low temperature, or inadequate

oxygen, the accumulation of solutes is invariably decreased or stopped.

If, under prolonged seepage conditions, plants do not receive the

solutes necessary for proper growth, they will suffer axid eventually

die. Tlie damage from reduced respiration is directly related to the

proportion of the total root system of the crop which is exposed to

seepage and the duration of the iniindation by seepage.

Crop Rooting Characteristics . Some knowledge of the rooting

characteristics of crops which are grown in the study area is essential

to proper evaluation of the effects of seepage. The maximum depth to

which the roots of a crop will penetrate varies considerably, even in

well-drained soils. There also is a minimum depth to the water table

that is considered essential for proper plajit growth.
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According to information published by the University of

California, the crops listed below will exhaust the available water

supply to the following depths when grown in deep, well-drained soils

under average conditions.

Crop Depth in Feet

Alfalfa



Cro£

Pasture
Field and grain
Orchards and alfalfa

Depth to Water in Feet

2 to 3

3 to ^

5 to 8

If there is an excessive gimount of alkali present, almost

any crop will require a minimum depth to the water table of h feet

in coarse sandy soils, 6 feet in sandy loam soils, suid 8 feet in clay

loam soils.

For purposes of this investigation, a minimum depth to water

table which each representative crop grown within the area of investi-

gation would endure over a prolonged period was estimated. The mini mum

for any crop was considered to be 36 inches, because some irrigation is

necessary to leach out the vindesirable salts accumxilated in the root

zone. These depths are shown below:



When the urban areas were originally developed, buildings

generally were located on high ground near streams to avoid flooding

but to be near enoiagh to the river to have cheap transportation and a

water supply. Most of these buildings had basements which acted as

sumps to keep the water, both drainage and seepage, from the wooden

substructure during prolonged wet periods. Newer buildings, particu-

larly residences, are constructed without basements. Seepage, if

allowed to stand in contact with the building structxire can warp,

buckle or crack floors and walls, cause dry rot, and is a nuisance.

Since urban development in the area of investigation is

presently confined largely to areas of higher ground, it is not

appreciably affected by seepage at this time. However, urban develop-

ment is beginning to encroach into seepage areas. This encroachment

is certain to continue as the more desirable lands are utilized and

as urban growth continues.

An example of urban encroachment into a seepage area is

shown on Figure 12. The Rio Ramaza subdivision is located in a low-

lying area just north of the Sacramento-Sutter county line. Drainage

works were installed within the subdivision to control seepage and

drainage, but diaring February I965 the drainage facilities were over-

taxed and did not keep ground water levels below ground surface. At

the time the photograph was taken, seepage was present throughout the

subdivision which is located in the bottom part of the figure. The

darker areas in the subdivision are areas with standing water or where

the soil is saturated or nearly saturated.

In a few Instances, notably Southside and Bahnfleth Parks in

Sacramento, severe seepage conditions have resulted in areas being used

for park purposes rather than as building sites.
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Figxire 12. Rio Ramaza subdivision located in a seepage area

north of the Sacramento-Sutter county line.
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Examples of seepage in ein urban area and at Bahnfleth Park

are shown in Figures 13 and Ik. Figure 13 is a composite of two

oblique aerial photographs taken in April 1963. It shows seepage

along the Sacramento River near Chicory Bend in south Sacramento.

This area seeps almost every time the Sacramento River rises above

ground surface. Most of the seepage is under levee seepage and usually

causes high ground water conditions within a few blocks of the river

levee. Bahnfleth Park, which is the undeveloped area in the upper photo,

is a collection point for most of the seepage. The park has been

graded to form a depression and is equipped with a sump "pxasp and a

drainage system to keep the park from becoming a lake during seepeige

periods. All storm drains in this area have bypass outlets, which are

gated, to allow excess drainage ajid seepage to flow into the park.

Seepage in this area is so severe that at times, even with the drainage

system in operation, the park floods.

Figure li)- shows three photographs of seepage in the Chicory

Bend area during February I965. These photographs are keyed to the

oblique aeriEil photographs in Figure I3 with emnotations to show their

location. Seepage shown on these photographs forms about the same

pattern each time the river rises above ground surface from long-duration

high flows. Seepage conditions depicted at the two locations are

described below:

Location 1 - Looking southerly down Riverview Court in
the Chicory Bend area toward the Sacramento River levee.

Note seepage flowing tlirough cracks in the driveways sind

sidewalks, and also being forced up through the asphalt
pavement on the street. This action causes some failure
to take place in the street subbase, and when seepage
recedes, a pumping action takes place and can cause large
cracks in the pavement.
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Figure 13. A composite of oblique aerial photographs of the Chicory Bend
area showing seepage locations and Bahnfleth Park.

(See Figure Ik for closeup views of circled areas 1 and 2)
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I

(Location l) Seepage flowing
through sidewalks and lawns
along Riverview court.

(Location 2) Seepage between
levee and Piedmont Drive.

(Location l) Seepage ponded
on and flowing out of pave-
ment on Rivejrview Court.

<

Figure ih. Seepage conditions along the Sacramento River near Chicory Bend
in the South Sacramento area.
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Location 2 - LooldLng northeast from the Sacraiiento River
levee into the back yard of a home alono Piedmont Drive
in the Chicory Bend area. Seepage has created a small
lake and is draining around end under the house into the

street gutters. Tliis condition can cause damage to the

house and overloads the storm drains vhich also receive
seepage through small craclis and joints.

Location 1 - Another photograph on Riverview Court showing
seepage conditions in this area. ITote seepage being forced

up through the driveway and la'^-m, then ponding in the street

and gutters.

The increased demand for btiilding sites is naturally for land

which has the least drainage problems, when aDJ. other factors are rela-

tively the same. Consequently, virban development in seepage areas is

laggiag behind that in the nonseepage areas, even though the seepage areas

may be closer to the places of employment and the dosmtown shopping centers

and have other advantages.

Officials of the Federal Housing Administration recognize the

problems created by seepage and drainage under and near homes. To protect

the homeowner and the lending institution, their policy requires adequate

proof that the water table can be maintained 2 feet or more below the

foundation of the structures on which loans are authorized.

The need for drainage facilities does not preclude xjrban

development, but it does dela;/ development. The delay depends on the

demand for land suitable for \arban -uses outside the seepage areas.

Sacramento real estate appraisers have indicated the price of lands sub-

ject to seepage generally is less than lands suitable for comparable

development outside the seepage areas, the difference being the costs of

drainage facilities necessary to make the seepage land as desirable as

the nonsee-Dage land.
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Effects of Drainage on Seepage Damage

By reducing or preventing seepage, drainage works greatly

reduce the magnitude of economic damage resulting from seepage.

Proi)erly operated drains reduce the excess water in the root zone,

thereby providing a root environment that is suitable for mEtximum

plant growth. This, in turn, increases agricxiltural production and

income

.

Drainage also aJLlows lands subjected to spring seepage to be

planted earlier. Equipment is less likely to mire down due to wet soil

conditions. Also, fields can be cultivated with less delay and tractor

cultivation is more efficient because the soil dries uniformly and it

is not necessary to cultivate around wet spots or parts of a field.

Furthermore, well-drained soils warm up sooner and can be cxiltivated

earlier in the spring than wet soils. Seeds germinate earlier, which

improves crop production.

In the areas where seepage brings undesirable salts upward

to the surface or into the root zone, deep drains should lower the water

table and result in a downward movement of salts in the soil. This

should lower the salt concentration in the root zone and improve crop

growing conditions.

Drainage also improves public health conditions by reducing

the amount of staoiding water on which mosquitoes may breed.

In some instances drains, although not wholly effective in

preventing seepage, will reduce damage by reducing the duration of

water in the root zone. An adequate, properly maintained and operated

drainage system may often mean the difference between having and not
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having a crop. Therefore, in some areas such as the area south of

Sacramento, such a system is essential to the use of the land for

agriculture

.

Control of seepage in urbein areas is also economically

beneficial. Control of seepage by drainage facilities prevents dry

rot, differential settlement, and cracking of buildings. It also has

other benefits including prevention or reduction of subbase failure

of pavements, thus preventing heaving and cracking of roads and air-

port runways. The nuisance effect of seepage is also reduced by con-

centrating it in drains and preventing its spread.
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CHAPOER III

PRESENT SEEPAGE CONDITIONS

The present level of seepage and seepage damage must be known

before the effects of future changes in flow regimen of the river system

on seepage and seepage damage can be determined.

Althoiigh there have been several studies of seepage conditions

in the Sacramento Valley prior to this investigation, little physical and

economic data of the required accuracy aJid extent was available for this

purpose. Generally, previous observation techniques did not permit

accurate definition of seepage areas. Furthermore, only meager informa-

tion existed on the physiological effect of seepage on plant growth, and

on the relationships between seepage and seepage damage. Therefore, it

was necessary to collect specific physical and economic data vmique to

this investigation.

Based on this data, relationships were developed between the

major physical factors affecting the occurrence eind magnitude of seepage

and the seepage areas observed dioring this investigation. The present

level of seepage was estimated based on these relationships and the river-

flows which occurred d\u-ing the period 19if3-M+ through 1964-65

.

Similarly, relationships were developed between the major

factors influencing seepage damage and the magnitude of observed damage.

The present level of seepage damage was then estimated based on these

relationships axid the estimated seepage occurrences during the period

192+3-44 through 1964-65.
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The present level of seepeige eind seepage dajnage and the

methods used to obtain this information are discussed in this chapter.

The data which was conipiled £ind vised is discussed in greater detail in

the office reports on this investigation.

Method of Determining Present Level of Seei)age

The timing, areaJ. extent and duration of a number of seepage

occurrences were observed and measured during this investigation. In

addition, the physical factors which influence seepage were measured

and studied ajid their relationship, variation and relative significance

on seepage were analyzed. Concurrently with these analyses, the relation-

ships between the various influencing factors and the occurrence of

seepage were investigated. After considerable study, graphical cor-

relations were developed between the two most significant factors and

the magnitude of seepage.

An electronic data processing program was developed for rapid

computation of the area and duration of seepeige which would result from

any river conditions included within the limits of the correlation curves.

This program was used to con5)ute seepage areas and the dvuration of seepage

for one subarea within the area of investigation for the historical period

I9I4.3_I4.I4. through 196^-65. Since there had been no appreciable change in

river regimen during this time, seepage occurring during this period was

considered to represent seepage which woiild occur under present conditions

of development. The most significant of these studies is reported in this

section.
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Seepage Areas

The determination of the physical extent of seepage which

occurred during this investigation was perhaps the most important phase

of the study. Many procedures were employed to determine the occurrence,

magnitude, and duration of seepage. Some were established procedures

used in previous ground water investigations, others were offshoots of

recent developments in agriciilture , engineering, military photographic

reconnaissance, and geophysical exploration and were combined and adapted

for seepage monitoring purposes for the first time in this investigation.

Infrared vertical aerial photographs and field observations

were the basic tools used to determine the extent of the seepage areas.

Six sets of aerial photographs were taken during five seepage periods to

define the areal extent of the major seepage occurrences which took place

during the investigation. The photographs were taken February 21, I962,

February 26, I962, October I8, I962, February 22, 1963, April 2k, 1963,

and February 10, 1965. The photographs of February 21, I962 were taken

with pajachromatic film; all others were taken with infrared film which

increased the image contrast between the dry and waterlogged areas. The

seepage areas obtained from the aeriaJ. photographs taken on April 2h,

1963, and February 10, 1965, were the most extensive seepage areas recorded

during the investigation and are shown on Plates 3 through 11. Two sets

of photographs were also taken dxiring nonseepage periods to aid in iden-

tifying drainage areas and crop deimage.

Seepage areas which occurred both at these times and at others

during the period of investigation were also delineated in the field.

Observations and ground water level measurements were taken to determine
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whether the source of water in the inundated areas was seepage, drainage

or combination of both. Lateral seepsLge boundaries were delineated fran

electrical resistivity stvidies of the siobsurface strata or vere defined

by physical or topographic barriers or drainage works. The influence of

time on the occurrence, duration and extent of seepage was determined by

observation and by continuous recordation of ground water levels in selec-

ted axeas.

Seepage area delineations obtained were far more accurate than

those obtained with methods employed in prior seepage investigations.

Figure 15 shows seepage and drainage areas identified on an infrared

vertical aerial photograph. Figxire 16 shows how electrical resistivity

was used to define areas which are susceptible to seepage.

The acreages of seepage determined from the aerial photographs

are shown by subareas in Table 1. The bovmdaries of each subarea were

established as the locations where flows in the rivers or bypasses sub-

stantially change or where substantial flow changes could be anticipated

in the future. The I5 siobareas and their approximate north-south boundaries

are shown below and on Plate 1.

Subarea Stream

1



Figure 15. Identification of Seepetge areas with Aerial
Photography, Miller's Landing.

1. Seepage area

2. Drainage from seepage area

3. Saturated soil, possible seepage condition

k. Poor drainage, ponded water, and possible drainage from seepage

» Direction of flow in drainage ditches

Infrared vertical aerial photography using a minus-blue filter taken

on February 26, I962. Heavy rainfall from February 6 through 19 saturated

surface soils and caused drainage water to collect in depressed areas.

The Sacramento River exceeded critical seepage stage from February 10

through 26; during this period seepage appeared in the Miller's Landing

area. High ground water conditions persisted in the area until the end of

March. Heavy seepage areas and ponded water appear dark on the aerial

photographs. Saturated soil appears slightly less dark. Interpretation

of the aerial photographs was complicated by the saturated soil conditions

due to heavy rainfall prior to seepage stages of the river. Fields were

observed during the period of greatest seepage in February, and the aerial

photographs were interpreted in the field about one week after the

exposures were made. The major seepage areas were still saturated at this

time, and other areas where seepage had occurred were moist and identifi-

able with the aid of infrared aerial photography.
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Figure 1.6. Lines of Equal Electrical Resistivity Near Miller's Landing

100 ohm-feet and above, subject to seepage

100 to 75 ohm-feet, probable seepage

75 to 50 ohm-feet, little or no seepage

50 ohm-feet and belo\7, no seepage

Lines of equal electrical resistivity are dravm on an infrared •'/ertical

aerial photograph taken vith a minus-blue filter on May 30, 1962. No heavy
rainfall had occurred during April or Kay and the Sacramento River was below
critical seepage stage during this period. The darker area,s on the photograph
show areas imder irrigation and depict surface soil characteristics. The

electrical resistivity mapping in the Miller's Landing area, defined by lines
of eqvial resistivity, indicate portions of the area which should be affected
to various degrees by seepage during high river stages. Resistivity measure-
ments iTere taken at numerous locations throxoghout the area to a depth of 20
feet, aJid correlated -vrith drill logs to establish the representative con-

ductivity of the various soil types. The location of the areas showing high
resistivity compare favorably ivlth the locations of the saturated areas shown
in Figixre 15, The combination of infrared photography and resistivity surveys
can be utilized advantageously to classify questionable drainage and seepage

areas.

I
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TABLE 1

AREAS OF SEEPAGE DEIERMINED FROM AERIAL PHOTOGRAPHS



Factors Influencing Seepage

There are a large number of physical factors which influence

seepage. These are discussed in Chapter II and include the steige and

duration of the river surface above critical stage, antecedent soil

moisture conditions, topography of the land adjacent to the watercourse,

the geology and soils in the area, the location and change in the ground

water table, drainage works in the area, width and depth of the river

channel, the height and width of the river levee, agricultural practices

in the seepage area, extent of the area covered by vegetation and the

chemical qioality of seepage. Field and office hydrographic, geologic,

and physiographic studies were conducted both throughout the stiody area

Eind in special test areas referred to as physical axid economic seepage study

areas which are shown on Plate 2 to isolate the effects of these variables

.

A considerable qioantity of information was necessary to eval\iate

the effects of the physical variables on seepage. The field observations,

aerial photographs and electrical resistivity siirveys used to delineate

seepage areas were also xised to study the effect of the physical variables

on seepage. Additionally, ground water levels were measured at over 500

locations in the stiody area and were continuously monitored at approximately

90 locations within the study area; the physical seepage study areas were

topographically mapped; subsurface geologic conditions and soil properties

throughout the area of investigation were investigated by use of geologic

drilling, logging and sampling plus field and laboratory testing of the

soil properties; draineige works in several of the physical study areas

were delineated eind surface inflows and outflows in these areas were

recorded; soil moistxire conditions above the water table were measured
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in several of the physical stiidy areas; cover crop and soil types were

denoted; river stages were measiored; and chemical qiiality of water in

the inundated areas was tested to determine its source. Instrumentation

in the Miller's Landing Physical Seepage Stxidy Area is shown in Figure 17

.

Figure l8 shows seepage conditions and several of the well

recorders in the Miller's Landing Seepage Study Area in April 1963. Hydro-

graphs of the Sutter Bypass and the water levels in foiir wells in the

Kamak Study Area are shown in Figure 19. Geologic information obtained

in the physical study areas is shown in Plates 12 through I8. Electrical

resistivity surveys of the economic study areas are shown in Plates 19

through 29.

Relationship Between Influencing Factors and Seepage Areas

The relationships between riverflow conditions and seepage are

extremely complex emd depend upon a number of interrelated variables.

Analysis of the relationships between the physical factors which caixse

seepage and the seepage areas was undertaken concurrently with the col-

lection of basic data both to determine the nature of the information

required and to assure the sufficiency of the data being collected. A

nimber of alternative analyses were investigated. These included:

(1) refinement of river stage-duration analyses developed in previous

investigations; (2) seepage flow determinations, assuming a series of

ground water wedges moving inleind from the river; (3) development of

empirical equations relating the level of water in a single ground water

well to river conditions, with and without consideration of antecedent

river conditions; (k) use of an electronic analog computer to model and
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Figure 17. Instrumentation of the Miller's Landing Physical
Seepage Study Area

^ Drainage ditch stage recorder

^ Domestic ^7ell

^ Recorder well installation

Q Piezometer

I I

Neutron probe

—*. Direction of flow in drainage ditches

This figure shows the instrumentation in the Miller's Landing area on
a black and. white vertical aerial photograph taken February 21, I962.
Recorder v/ell and drainage ditch hydrographs vrere used to evaluate seepage

in the study area and also gave some indication of the seepage flow from
the Sacramento River into the area. V/ater levels in domestic wells and
piezometers vrere measured frequently during the critical seepage periods
and were correlated v.dth recording i/ells in the area. Seepage conditions
at the time the above photograph vras taken were at a maximum; the black
and white photograph does not give as much contrast between seepage areas
and partially saturated soil conditions as does the infrared photograph
shown in Figure I5. The numbers on the photograph identify the l.ocation

of each piece of field equipment.
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?i2ure l8. Ceex^iaire conditions within the Miller's Landing Study
Area during April I963.

The upper photograph defines seepage conditions along the southern v--ell

line in the study area. The lower photograph displays the tyj>e of field
drain used in the field north of the northern well line. These shallov*-

drains irere effective for short diu'ation floodflows causing nild seepage
conditions. Heavy seepage inflow exceeded the capacity of the drains and
made the ditches ineffective.
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stiidy seepage conditions at a number of locations in the area of

investigation; (5) mviltiple linear regression equations which statis-

tic6illy correlate the areas of seepage to riverflow conditions; and

(6) empirical graphical correlations relating areas of seepage to riverflow

conditions. Valuable insight into the factors which influence seejjage

and their relationship to seepeige occurrences wej-e evolved from these

analyses

.

The three most important factors affecting seepage were found

to be the duration of the river above critical stage, the height of the

river above this critical stage, and antecedent ground water conditions.

However, becavise of the lack of data, only the first two of these factors

were used to develop the final correlations used in this investigation.

The effects of other factors such as soils and geology, topography and

drainage facilities, are inherently included in the i«lationships since

the magnitude of the seepage areas indicated on the aerial photographs

is influenced by these factors.

Graphical correlation was selected as the most easily under-

stood method of presenting the complex relationships between riverflow

conditions and areas of seepage. To develop the correlations, the area

of each seepage occurrence in each of the 15 subareas was correlated with

the duration of the river above critical stage and the average height of

the watercourse above critical stage. These areas are shown in Table I.

River and bypass flow information was taken from daily hydrographs for gaging

stations throughout the area of investigation. The resulting correlations

for each subarea are shown on Plate 30 as seepage evaluation curves.
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The following factors were considered in developing the

correlation curves: (l) the time at which the aerial photographs

of seepage were taken in relation with the diiration of the river

above critical stage; (2) the reliability of the acreage of seepage

determined frcsn each set of aerial photographs; (3) the comparison

of the general sliape of the correlation curve for one subarea with

the shapes for the other subareas with similar characteristics; and

(k) the direction and reasonableness of the slope of the correlation

curves.

Soil conditions, topography and other physical and natiiral

features vary throughout each subarea. Each curve was developed for

average topographic conditions within the subarea. Therefore, the

curves are not representative of conditions which occur on specific

parcels of land within the subareas.

The curves also were developed for average antecedent soil

moisture and groxmd water conditions which occurred during this investi-

gation. The seepage areas would be less than indicated on the curves if

antecedent soil moisture and the ground water table were low. Conversely,

if the ground water table and soil moisture conditions were high due to

previous rainfall, irrigation, or seepage, the seepage areas would be

greater than indicated.

As additional drainage facilities are built and/or land level-

ing occxirs, the relationships between river conditions and seepage areas

as represented on the curves may change. However, the influence of

chatnges in these constraints should not significantly affect the curves

for a number of years.
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The slopes of the curves are dependent primarily upon the

soil conditions in the subareas. The greater the slope of a cxirve,

the less permeable the soil and the slower the seepage area increases

with time. Conversely, the flatter the slope, the more i)ermeable the

soil and the faster the seepage area increases with time.

The convergence of the family of ciorves as the duration of

seepage increases, indicates that the influence of the duration of sta^e

on the magnitude of the seepage area increases with time. Conversely,

the minimum limit of the seepage area on each curve is dependent primarily

upon the height of the river stage and the ajitecedent soil moisture and

ground water conditions. The minimum limits of the seepage areas on

each family of cxirves have a much larger range than the upper limits

because (l) the river stage and soil moisture conditions have a more

significant effect initially than after a prolonged period of seepage,

and (2) the river stages and soil moisture conditions vary over a larger

range initially than after an extended period of seepage.

The curves were not extended beyond the limits of the available

data. Since there is a physical limitation on the magnitvide of the total

area of seepage which could occur in each subarea, the maximum area of

seepage on each curve woiild be limited by a vertical asymptote representing

the maximum possible seepage area. A seepage occurrence of this magnitude

was not experienced during the investigation. Furthermore, the areas of

the numerous small occurrences of seepage which happen on the average of

several times per year in some locations were not measured as the economic

effect of each of these occurrences is insignificant. As additional data
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becomes available, limits probably can be placed on the maximum possible

areas of seepage and the time when seepage would begin.

The curves were drawn to best fit all measured conditions.

In most cases, sufficient data was available to develop a family of curves;

in others the limitation on data dictated that only a single curve be

developed for a subarea. The points used to develop the curves are shown

so that as additional data becomes available, the curves can, if necessary,

be modified. Furthermore, with additional data, it will be possible to

use an antecedent soil moisture factor in addition to the two factors

already used. If fiirther refinement is warranted, additional less

significant factors can also be included.

The maximum deviation between a measured seepage area ajid the

area of seepage determined from the correlation curves is approximately

50 percent. Most points are within a much closer tolerance. The accuracy

of the curves can be improved when more data, particularly data over a

wider range of conditions, becomes available.

Present Level of Seepage

The correlation curves were used to estimate the present level

of seepage for Subarea No. ^, which is considered to be a typical subarea.

The areas of seepage obtained in previous investigations genereilly inclxided

the area of all standing water, whether seepage, drainage, or both. There-

fore, to obtain the level of seepage which occurred over a period of time

considered representative of present conditions, it was necessary to vise

the correlation curves developed in this investigation to estimate seepage

areas which may have occurred in the past, then to use those areas to esti-

mate the present level of seepage.
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Flow conditions for determining the present seepage level

vere based upon the measured daily flows which occurred during the

period 19^3-^^ through 196^-65 . This period was selected because the

flow regimen of the river system did not chajige substantially during

this time.

Using the historical riverflows, the area, duration aind date

of each seepage occurrence -vrlthin the subarea were determ.ined from the

correlation curves by use of the electronic data processing program

referred to earlier in this chapter. The average annixal area of seepage

for Subarea IIo. 5 was found to be approximately 7^365 acres. The average

number of days of seepaige per year for this period was i|-3 days. The

results obtained for this area were assumed to be indicative of the re-

sxolts that would have been obtained for the other subareas. The initial

date, dioration and area of each seepage occurrence by year for the 22-

year period and the maximum annual acreage affected is shoim in Table 2.

!-!ethod of Determining Damage Under Present Level of Seepage

There are two types of damage which result from seepage; damage

to agricultural areas and damage to urban areas.

As in the case of physical data on seepage, there •'.ras little

existing information on the economic effects of seepage. Little data

was available on the influence of seepage on plant groirth. There \reTe

few measurements of the influence of seepage in limiting the use of land

and of the resulting damages. Furthermore, the measurement of the influence

of seepage on the urban economy had not been previously determined because

it was difficult to differentiate between the economic effects of seepage ajid





drainage. Therefore, it was necessarj-- to gather economic data on the

effectG of seepage and to develop relationships betvrcen the magnitude

£ind duration of seepage ajid those economic effects.

Economic Data

Economic data was compiled between 196O and I965. During this

period literatiore was researched and crop specialists, virbaxi officials,

fanners, and others were interviewed to acquire pertinent data on seepage

damage. Crop sampling programs were undertaken and lajid use and land

classification surveys \Teve conducted. This information was assessed on

a preliminary basis concurrent?^y ivd-th the collection of data.

The data collection prograjn was refined as the study progressed.

Eleven specific areas, referred to as economic seepage study areas, were

selected on a random basis to avoid inadvertent bias of results. These

areas are shown on Plate 2. Agricvilturists in these areas \iere inter-

viewed to obtain definitive data on seepage damages. This data, in con-

junction with information in various technical publications, was used to

develop relationships between seepage and seepage damage for each repre-

sentative crop gro'vm in the area of investigation.

A sampling program was undertaken to acquire specific informa-

tion on the yield and quality of grain crops which had been ejrposed to

seepage, oanipling was conducted at several locations in the area of

investigation. Sajnpling at each location consisted of gathering grain

as it was harvested in each of three parts of a field. Samples were

taken from the most severe seepage area in the fields, from what appeared

to be an average staind in the fie].d, and from the best area. The
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sampling was continued through I963 and this infonnation was used along

with other data, to develop the economic influence of seejjage on the

crops grown in the area of investigation.

The pattern of land use in the area of investigation was deter-

mined by a field survey conducted in the svmnner of I961. A land classi-

fication survey was conducted in I962. The stajidards utilized in the

classification included soil text\ire, slope, drainage, and salinity

conditions. These factors represent major determinants in the historic

and potential use of land. The limitation of land use can be determined

from a ccmparison of land use and land classification surveys and frcan

comparisons of income from agricultural pursuits in areas with amd with-

out seepsige.

Information regarding the impact of seepage on the urban

economy was obtained through personal interview eind from study of the

added costs of constructing projects in the seepage areas. Statements

from city engineers and planners. Federal Housing Administration officials,

real estate appraisers, engineering consultemts , and other available

economic data for each urban locality were compiled. The resulting

information together with crop damage information and the information

on the limitation of land use due to seepage can be used, to determine

the total present economic effect of seepage.

Relationship Between Seepage and Seepage Damage

It was necessary to derive the economic relationships between

seepage and seepage damage in order to assess the estimated damage from

the present level of seepage.
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Seepage occurs in both urban and eigricultural areas. There-

fore, its total economic effect can be estimated by measuring its effect

on both the agricultural and urban economies.

Agriculture . Since agriculture is the most important economic

activity in the area of investigation, agricultural damages are the most

significant. There are two types of damage to the agricultural economy.

The most obvious is direct damage which includes inability to plant at

the optimum time, total or partial loss of crops, the inability to double

crop, decreased crop yields, loss of trees and perennial plants, sind

miscellajieous damages such as additional cultivation and loss in the

effectiveness of fertilizer. In one way or another these factors either

increase the cost of production or reduce crop yields which, in turn,

decreases crop income.

In addition to direct damage, seepage usually imposes a limi-

tation on the type of crops which can be grown in areas frequently sub-

jected to seepage. In many such areas, an increased intensity of use or

an entirely different cropping pattern yielding a higher income could be

established if seepage were not prevalent.

There are many factors which influence the extent of crop damage

from seepage. Analysis indicated that the three most important factors

are: (l) the time of year of the seepage occurrence, (2) the duration of

the seepage period, and (3) the susceptibility of a crop to daniage 'uider

the foregoing conditions.

Two curves were developed to express the impact of these factors

on seepage damage. Once the seepage area, the time and duration of a
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seepage occ\irrence and the cropping pattern are known or can be pro-

jected, seepage damage to crops can be estimated using these curves.

The first set of cxirves indicates, for each representative

crop grown in the area of investigation, the proportionate part of the

crop normally planted at any specific time during the year. These

curves, titled Crop Planting Curves, are shown on Plate 31

•

The second series of multigraphic curves which are titled

Crop Damage Curves, show the percentage deduction in yield for each

representative crop grown in the area of investigation based upon the

duration of seepage and the quarter of the year in which the seepage

occurs. The Crop Damage Curves are shown on Plate 32.

Urban . Studies indicate that the price of land which is

subjected to seepeige is less than the price of land which does not

experience seepage. The lands differ in price by approximately the

cost of drainage facilities necessary to render the land with seepage

as desirable as the land without seepage.

Estimates obtained frcsn the Federal Housing Administration are

that the cost of a drainage system, if not installed prior to construction

of other improvements, ranges from $500 to $800 per lot in residential

areas. If installed after the construction of residences, sidewalks and

streets, the estimated costs increase to a range of about $1,200 to about

$1,500 per lot.

In addition to the installed costs of drainage facilities,

there are the annual costs of operation, maintenance and replacement of

the drainage facilities.
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The cost of an adequate drainage system which wo\ild make

the seepage areas as functional as the nonseepage areas, plus the

additional operating costs for pumping seepage can be used as the

measiire of seepage damage to lirban areas.

Damage Under Pi^esent Level of Seepage

The present level of seepage damage was computed for Subarea

No. 5 for the 22-year period 19i+3-4U through 196^-65. Since very little

virban development exists within the siibarea, only damage to the agri-

cultural economy was estimated. Furthermore, damages to the agriciilturaJL

economy were based on the present crop pattern. Therefore, only direct

damages were included in the evaluation. It should be noted that had

there not been seepage d\iring this period, a different crop pattern

yielding a higher income could have prevailed.

The present level of seepage damage was based upon the seepage

areas and the time and duration of the seepage occurrences as shown in

Table 1. The damages were based on the crop pattern prevailing in I96I,

which was assumed to be representative of the crop pattern for the entire

period between 19^3 through I965 . The economic effect of seepage was

measured as the difference in the financial return attributable to land

with and without seepage.

The retvurn attributable to land was determined by deducting from

the crop gross income all variable and fixed costs of production except

the interest cost on land. It was also based upon the price -cost

relationship existing during the 1960-6^4- period. The estimated average

return without seepage for each of the crops grown in Subarea No. 5 is
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shown in Table 3. The return for each crop in the subarea without

seepage as a percent of the total in the subarea, and the weighted

average return per acre for the subarea are shown in Table U.

An electronic data processing program was developed so that

the estimated damage for each seepage occurrence could be computed rapidly.

This program computes average annual damage for each county and each

subarea. This electronic data processing program operates in conjunction

with the program that computes seepage areas and durations and which was

described previously in this chapter.

The return attributable to land under conditions of no seepage

was calciilated as shown in the second, third, aind fourth columns of

Table 5.

Under seepage conditions the extent of seepage in the subarea

varied from year to year. The return attributable to land affected by

seepage is shown for each year in columns 5^ 6, and T of Table 5. The

return for the portion of the subarea not affected by seepage is shown

in columns 8, 9, and. 10.

The return attributable to land with seepage was determined as

follows. The acreage, time of occurrence, and dviration of seepage was

taken from Table 1. The acreage planted to a particular crop at the time

of each seepage occurrence was determined by referring to the crop plant-

ing curves, which indicate the proportionate part of the crop normally

planted at a specific time of the year. Adjustments were made in the

acreages obtained from the crop planting curves to account for variations

from the normal planting schedule caused by rainfall or seepage.

The reduction in yield for each crop planted at the time of each seepage
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PRESENT CROPPING PATTERN AND AVERAGE ANMJAL RETURN
ATTRIBUTABLE TO LAND WITHOUT SEEPAGE

SUBAREA NO. 5

Crop





occurrence was determined by referring to the crop damage curves,

which Ghow the percentage reduction in yield for each crop based

upon the d\iration of seepage and the quarter of the year in which

the seepage occiurs. The return at tributa,ble to ].and was calculated

based upon the reduced yield. If seepage or rainfall w ould have pre-

vented a particular annual crop from being planted, an alternate crop

was assumed to be planted to the extent possible. Costs incurred for

the first crop are included in the analysis.

The total return attributable to land under seepage conditions,

which is shown in columns 11 and 12 of Table 5> was then deducted from

the return \xnder nonseepage conditions. The difference in return with

and without seepage represents the direct effect of seepage on the agri-

cuJ-tural economy in Subarea No. 5« This data is sho^-m in the last two

columns of Table 5 and graphically illustrated in Figure 20. The economic

effects of seepage on limiting land use and on the urban economy are not

included in the foregoing figures.
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CHAPTER IV

FUTORE SEEPAGE CONDITIONS

Large water development projects are being planned and con-

structed in northern California to meet the growing need for water

throughout the State. These projects will change the flow regimen in

the Sacramento River system and these changes will alter the amount of

seepage and seepage damage which may occur in the future.

Flows in the Feather and lower Sacramento Rivers will be

influenced by the operation of Oroville reservoir which is currently

under construction. The regimen of the Sacramento River will be

affected by the operation of projects within the Sacramento River Basin

and those outside the basin which may utilize the Sacramento River as a

conduit for conveying imported water to the Sacramento-San Joaquin Delta.

The effect of the Oroville facilities and of increased levels

of summer flow in the Sacramento River which could be caused by imported

water were investigated. These studies are discussed in this chapter.

Estimated Effect of Oroville Reservoir
on Seepage Conditions

For purposes of this investigation, an operation study of the

Oroville facilities was developed. Using this study, the Oroville facili-

ties were operated to provide 710 megawatts of power, the reservoir was

operated for flood control purposes and releases were made to satisfy

downstream water rights and to maintain fishlife in the river. Projected

inflows and releases from the Oroville facilities were based on daily flows
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which occurred during the historic period 19^3-196^. These were

modified to reflect 1990 levels of development upstreain from Oroville

so as to be representative of conditions which will occur during the

period the facilities are in operation. Using these flows, the duration,

time of occurrence, and areas of seepage which would occur along the

Feather River betireen Marysville and Verona were compiled from the

seepage evaluation cui-ves. The probability of seepage occui-rences of

1, 5> aJ^'i ^-5 clays were determined.

The foregoing process was repeated assixming that Oroville

reservoir was not in operation during the 21-year stud.v period.

The estimated effect of Oroville reservoir on seepage con-

ditions was then determined by comparison of the probabilities of

occixrrence of seepage with and without the Oroville facilities in

operation for the 21-year study period.

Project Operating Criteria

The Oroville faciJ.ities include a large multipurpose dam and

reservoir and two afterbay reservoirs v/ith a combined storage capacit;^ of

3,552,900 acre-feet. These raultiple-purpose facilities will be operated

for flood control, povrer generation, water supply, recreation, and fish

and wildlife enhancement. Basically, water v/ill be stored during periods

of large inflow and released during dry periods to meet dovmstream demands.

Tlie operation criteria for the Oroville facilities have not been

completely established at this time. However, the operation study conducted

for this investigation provides an estimate of flows under future conditions,

and modifications in the operation will not materially change the results of

the studies described in this chapter.

-88-



The operation study, titled "Oroville-Thermalito Reservoir

Po^irer Operation Study MD-1", tentatively determined the impaired down-

stream flows which could result from the operation of the Oroville

facilities. The criteria used in the operation study were: (l) the

inflows to Oroville reservoir during the period January 1928 through

December 196U were adjusted to account for the projected I99O level of

upstream development; (2) a total dependable generating capacity of 710

megawatts was obtained utilizing a pump-back and piomp-storage operation;

(3) the service area water demand in 1990 was assumed to be 938^500 acre-

feet; (k) a 50 percent deficiency in reservoir storage was assumed during

1931 and 1933^ the two driest years of the study period; (5) the flood

control stage at the end of each day was based upon the U. S. Corps of

Engineers' required flood control reservation in acre-feet; and (6) the

minimum continuous fish releases in the river below Thermalito Afterbay

were 8OO cfs.

The flows without the Oroville facilities in operation were the

same as the inflows described under (l) above, but were not modified by

the influence of the Oroville facilities.

The flows entering the Feather River from the Yuba and Bear Rivers

are minimal during the summer months and include historic diversions and

accretions on the valley floor. For the purpose of this operation study,

the winter flows in the Yuba and Bear Rivers were assumed to be unimpaired

and equal to the historic flows because there is little flood control storage

in the upstream water developments on the two rivers. Therefore, the flows

in the Feather River below Shanghai Bend would reflect the flow from the

Yuba River, and the flow at the gaging station at Nicolaus would incorporate

all upstream flows plus contributions from the Bear River.
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Operation for Flood Control . Oroville reservoir was operated

for flood control under criteria established by the U. S. Corps of

Engineers. In general, sufficient storage capacity will be reserved

during the winter to provide for temporary storage of flood inflows for

later release at rates within the capacity of the leveed downstream channel.

The channel capacity of the Feather River below its confluence with the

Yuba River is 300, OCX) second-feet.

The general plan of development for the Yuba River, with flood

control storage at the proposed New Bullards Bar and Marysville Reservoirs,

provides for a maximum flow of 120,000 second-feet in the Yuba River. Of

the remaining l80,000 second-feet of channel capacity in the Feather River,

150,000 second-feet will be allocated for controlled releases from Oroville

reservoir, and 30^000 second-feet will be reserved for local inflow between

Oroville and the Yuba River.

The maximum flood control reservation for Oroville reservoir is

750*000 acre-feet. A lesser reservation may be maintained, depending

upon the time of the year and the amount of rainfall during the preceding

60-day period. The flood control diagram for Oroville reservoir is shown

on Figure 21.

As shown on Figure 21, operation of Oroville reservoir for

flood control can be analyzed under three distinct periods. It is possible

that during the first period, September 15 to October 15, 750,000 acre-feet

of stored water would have to be emptied within a 30-day period, for an

average release into the river of 12,500 second-feet. However, releases

from the reservoir during the summer and autumn would normally reduce reservoir

storeige by September 15 to a level far below that required for flood control.
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Therefore, adequate storage capacity should be available to reduce the

peak and volume of runoff from the initial storms of the season and the

dovnstream channel seepage should be reduced during the period from

September 15 to October 15.

During the second period, October I5 to April 1, the flood

control storage reservation in the reservoir will be maintained between

a minimum of 375^000 acre-feet and a maximum of 75^^000 acre-feet, depending

upon antecedent rainfall. Floodflov/s will be stored temporarily and

gradually released. This storage also should reduce the raeignitude of

seepage and seepage damage.

During the third period, April 1 through June I5, the reservoir

can store inflow at a minimum rate of 5,000 second-feet, thereby reducing

downstream releases and reducing or eliminating seepage.

Operation for Water Demand . The Oroville facilities were

operated to satisfy downstream water rights and maintain siafficient

flows in the Feather River for fish and wildlife as follows:

(1) local downstream service area water demands
in 1990 were estimated to be 938,500 acre per year;

(2) the minimum continuous fish release at the

Diversion Dam and from the Feather River outlet works
were each assiimed to be UOO second-feet, resulting in

a combined flow in the river immediately below Thermalito
Afterbay of 8OO second-feet;

(3) additional water was diverted from the afterbay
to meet the Sutter-Butte and V?estem Canal demands; and

(U) water required from .June through September for

export and Delta water quality control, was supplied from
the power releases and from inflow into the river from
the Kelly Ridge powerhouse.
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The downstream releases for water demand were made on a con-

tinuous basis and reached a maximum of 6,000 second-feet in August.

Operation for Power Generation . The Oroville-Thermalito

generating equipment was assumed to have a dependable capacity of 710

megawatts. The dependable electric power and energy output was based

upon operation of the reservoir through the period of lowest runoff from

January I928 through December 1937. During this period, the onpeak hours

each day were assumed to be the same during each week of the month, and

a 50 percent deficiency in reservoir stgrage occurred in 1931 and 1933*

Power releases -irere made for onpeak and offpeak energy generation.

The total yearly hours of onpeak and offpeak generation were 2,978 and

h,ll6, respectively. The combined Oroville-Thermalito plant factor was

assumed to be 3^ percent for onpeak loads. During offpeak hours, water

not required to meet local service area demands or downstream use was

pumped back into Oroville reservoir for regeneration. The total 10-year

generation and pump energy demands used for Oroville-Thermalito vrere

2,235,^32 and 799,170 megawatt hours, respectively.

Analysis of Project Operations

Analysis of the effect of operation of the Oroville facilities

on seepage was based on information obtained from the daily operation

study. The analysis covered Subareas 12 and I3 which extend along the

Feather River from Marysville to Verona. The reach upstream from

Marysville is not subjected to seepage to any significant extent and this

reach was not considered part of the study area.
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Information developed from the daily operation study for

the period October 1, 19^3 j to July 1, I96U, was used to compute flows

ajid stages in the Feather River below Shanghai Bend and at Nicolaus.

This period was selected because the stream regimen woiiLd reflect back-

water effects caused by the Sacramento River with Shasta Reservoir in

operation. The following were computed: (l) the daily flow below

Shanghai Bend; (2) the daily river stage below Shanghai Bend and at

Nicolaus; (3) the days the river would be above critical seepage stage

at each of these locations; (4) the average height of the river above

critical sta^e during each seepage occurrence; and (5) the days above

critical seepage stage for each seepage occurrence by month and year.

This data was \ised to construct a bar chart which shows the

duration of seepage by day vri.th and without Oroville reservoir in operation

for each year of the 21-year study period. Figure 22 shows this infor-

mation for the lo^rer reach of the Feather River.

To determine the probability of the occurrence of seepage, a

tabulation of days of seepage per month and year was made from the bar

chart; the days of seepage per month were arranged in order of magnitude;

an exceedence frequency was assigned for each 1-or-more, 5-or-more and

15-or-more-day seepage occurrence per month. Figure 23 was drawn to

graphically display the probability of seepage occvirring by month along

the two reaches of the Feather River. The exceedence frequency for each

seepage occurrence during each month was obtained from the plotting point

tables in "Statistical Methods in Hydrology" by Leo R. Beard.

9^;-



-a
CD

UJ

z _- o

>
q: _
liJ o
V) >

O d
(/)

< o >
Kg

« s

J

r

I

43-

oo so SS ^S sS S* oo SS
39vd33s JO SAva nviOi

\

\

N
\
\

1^

\

P

ll

^ o o o ^!»r>

<

<
UJ

<
m
CO

o '

<q:
Q_UJ

< cn

UJ qX -^
'^ >- Pi

cnuj -H

<
Qii.
o
X
o
<
UJ
(T

(E
tiJ

o

S3-i

8-E
o

o>
in CO in

(O o



60

to



Res\xlts of Analysis

The foregoing studies indicate that: (l) flood control re-

leases should have the most significant effect on seepage conditions;

(2) releases for other project purposes should not significantly increase

and/or change flows which cause seepage; (3) large peak floodflows which

cause seepage should generally be reduced by reservoir operations; and

{k) during the svtmmer when peak local service area and export demands

occur, flows in the channel should not be svtfficient to cause seepage

downstream from the reservoir.

Interpretation of the data used to construct Figures 22 and 23

indicates that high flows which cause seepage will usixally occur from

October through June, which is the major rainfall and snowmelt period.

The high flows can be classified into three groups of duration:

(1) High flow conditions of 10 days or less which
produce a relatively small volume of water and occur more
frequently than longer diiration high flow conditions. The
entire volume of runoff coxild be stored in the flood control
reservation, enabling the reservoir to reduce the downstream
flood peaks. The control of these peak flows should reduce
or eliminate seepage.

(2) High flow conditions of 30 days or less. The
flood control reservation available in the reservoir could
store enough of the runoff caused by this type of storm to
reduce the downstream floodflows in the Feather River. These
reduced flows should, in turn, result in less seepage.

(3) High flow conditions of more than 30 days duration.
A small portion of the inflow from long duration high flows
could be stored in the flood control reservation. The high
riverflows downstream from Oroville reservoir would not be
changed to any significant degree by the operation of the
reservoir, because the outflow from the reservoir woxild be
almost equal to the inflow. Seepage conditions should not
be changed essentially.
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The analysis also showed that during the 21-year

study period the nimber of occurrences of seepage aJLong the Feather

River in the lower reach south of the confluence with the Bear River

would be Induced from 36 to 22 with Oroville reservoir in operation.

Furthermore, the number of occurrences of seepage along the upper

reach, between Marysville and the Bear River, would be reduced from

29 to 23.

The daily operation study indicates that the maximum simmer

flow in the Feather River at Nicolaus will be approximately 6,000 second-

feet and will occur in AiJgust. Seepage does not normally occur along the

Feather River until the flow at Nicolaus exceeds 1^1,000 second-feet.

Therefore, the summer releases from the Oroville facilities should not

approach the stage required to cause seepage.

The conclusion can be drawn that Oroville reservoir will

generally reduce the peaks and durations of high flows in the fall,

winter and spring, in turn reducing seepage and seepage damage. Also,

the river stages in the summer should always be less than critical;

consequently, there shoiild not be seepage damage to crops planted adjacent

to the Feather River in the summer. The studies also show that the

largest reductions in seepage will occur in April and May. Seepage can

cause major damage during those months. Therefore, Orovi-lle reservoir

will be very beneficial in reducing major seepage damage.

Estimated Effect of Imported Water on Seepage Conditions

Planning of projects which would import water into the

Sacrajnenbo Valley is in the preliminary stage. Consequently, the magnitude
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of flows of imported vrater cannot be closely determined at this time.

Therefore, three different levels- of summer flows in the Sacramento

River were selected as representative of probable futxare flow conditions,

and their effect on seepage and seepage damage was projected. V/hile the

selected flows were necessarily arbitrary, the resulting analysis will

be usable in future studies when more definitive riverflow information

is available.

Possible seepage areas and damages along the Sacramento River

which could resiilt from each of the three selected flows were estimated.

Curves -j-rere developed to relate riverflow conditions to the estimated

area which would be affected and damage which could be caused by seepage.

Seepage could limit the use of lands to less than their full

economic potential. The economic influence of seepage on the agricultural

economy was measured as the reduction in the financial return attributable

to land due to the projected limitation on land use which could result

from seepage. The economic effect on the urban economy was considered as

the estimated cost of installing and operating adequate drainage systems

which would make the seepage areas as functional as the nonseepage areas.

The total effect of seepage on the economy was considered to be the sum

of the damage to the agricultural and urban economies.

Four alternative methods of controlling seepage were investi-

gated and plans and costs of control were developed for each method. The

plans \-reve compared and the estimated capital and annual costs of the

most favorable plan were compared id.th the total economic effect of seepage,
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Operation of Import Projects

California's long-range plajining recognizes that futiore water

demands will reqiiire importation of water to eind through the Sacramento

Valley. The Department of Water Resources, U. S. Bureau of Reclamation,

and U. S. Army Corps of Engineers are coordinately studying proposed

developments which may utilize the Sacramento River as a natural conduit

for this imported water.

Department of Water Resources Bulletin No. I36, "North Coastal

Area Investigation" I96U, describes proposed facilities that would develop

and transport waters from the North Coastal streams to points of need via

the Sacramento Valley.

Recent studies by the Department of Water Resources as reported

in Bulletin No. I6O-66, "Implementation of The California Water Plan"

indicate that importation of water may be required to supply needs of the

State Water Project and the Central Valley Project beginning in the late

1980 's. Because of the availability of surplus water in the Delta d\iring

the floodflow season, substantial imports of water will be largely limited

to the summer and fall months. Imports should increase as the water de-

mand continues to grow. Therefore, seepage directly attributable to

imported water could occvir in the summer and fall if imports reach a

sixfficient magnitude.

Since the magnitude of imported flows cannot be acciirately

established at this time, three different levels of flow considered

representative of future flow conditions were selected and used in the

analysis. The three flow conditions are:
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these reaches. The curves and their uses are described in the following

section on seepage damage.

The higher summer flows in the Sacramento River would cause

water to back up along the Feather River and along the Sutter Bypass.

This backwater would cause summer seepage along the lower reaches of the

Feather River eind Sutter Bypass and flooding in the bypass. The projected

seepage and flooded areas are included in the estimates for the reach from

Fremont Weir to the American River.

The river stage which would result from each of the three flow

conditions was calculated at each mile along the rivers and the Sutter

Bypass. The flows and river stages were assumed to be const^jit for a

mini mum period of 30 days. The slope of the ground water gradient away

from the river was estimated from stvidies of measured ground water gradients

and analog model studies conducted during this investigation. The ground

water levels which would occur at each of a nvmiber of representative wells

which formed the ground water level monitoring grid in this investigation

were estimated for each of the flow conditions. The ground water levels

were then superimposed over 7-1/2 minute USGS quadrangles. The areas where

the water table was estimated to be within 2 feet of the ground surface

and from 2 to 4 feet below the ground surface were delineated on the maps.

These areas were then adjusted based on soil maps in the 1955 report of

the California Division of Water Resources titled "Seepage Conditions in

the Sacramento Valley", the locations of rice fields and drainage ditches,

£Lnd seepage areas observed during this investigation. Information obtained

in the analyses used to develop the seepage evaluation curves and the elec-

trical resistivity studies vras also used to establish the seepage areas and

seepage boixndaries.
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The critical river reach for possible summer seepage was found

to extend from Colusa Weir to Fremont Weir. The maximum flow that can be

maintained in this reach for long diorations without causing seepage was

estimated to be approximately 9^000 second-feet. The maximum flow which

can be maintained between Fremont Weir and the Americsin River without

causing seepage was estimated to be about 15,000 second-feet. It was

estimated that flows in the reach between the American River aind Hood

can be at least 19,000 second-feet without causing seepage.

Seepage Damage

Summer seepage resulting from imported water could cause some

damage to agricultural and urban areas . Existing drainage facilities

along the rivers could also be affected by higher summer river stages.

Agricultural damage could result from a limitation on the type

of crops that could be gro^m in the seepage areas and from certain direct

damages to crops which could occur during the traxisition period of changing

from a crop pattern which could be grown with winter seepage, to one which

could be grown under summer seepage conditions. Since transitional damages

would be of a minor nature, only agriciiltural damage resulting from a

limitation on the type of crops was considered in this analysis. The

economic effect of summer seepage on the agricxiltural economy was measured

as the difference in financial return attributable to land without sxoramer

seepage and the return with summer seepage. Damage to the urban economy

sms also included in the analysis.

The return attributable to land for each of the representative

crops projected for the area was derived on the basis of the price-cost
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relationships existing during the I96O-6U period. An allowance was made

for the irrigation water costs incurred during a norriial crop year. The

return attributable to land was determined by deducting from the j^ross

income, all variable and fixed costs except the cost of land. The esti-

mated average return for each crop assuming no summer seepage is sho^m in

Table 6.

In order to estimate the agricultural damage, projections were

made of six cropping patterns which would be expected to prevail in 1995

under various degrees of severity of seepage. Conditions in 1995 were

selected on the premise that quantities of imported water vrould not be

sufficient to cause summer seepage prior to that time. All cropping

patterns irere projected on the basis that present id.nter seepage conditions

would continue. The retiirn attributable to land for each of these cropping

patterns was computed.

One cropping pattern was projected for 1995 conditions assxming

that no water would be imported and hence no summer seepage would occur.

This cropping pattern and the return attributable to land for that pattern

are shown in Table 7.

Five cropping patterns were projected for I995 assuming that the

Sacramento River woiild be used as a conveyance channel for imported water.

These cropping patterns are sho^m in Table 8. Each of these cropping pat-

terns was predicted on an arbitrary percentage of the seepage study area

where the water table would be within the top 2 feet of the ground surface,

with the remainder between 2 feet and h feet. Crops which are tolerant of

high water table conditions -i/ere used in the projections. The cropping

pattern was increasingly limited to seepage tolerant crops as the proportion
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TABLE 7

PROJECTED CROPPING PATTERN AND
RETURN ATTRIBUTABLE TO LAND IN I995

WITH NO SUMMER SEEPAGE

Retiim
: attributable

:

Crop : to land
per acre

Crop acreage
in percent
of total

Weighted return
attributable to
land by crop

Pears





of the ar«a where the water table would be within the top 2 feet of the

soil increased. The average annual return attributable to land per acre

was computed for each of the five cropping patterns and is shown in Table 8.

The return attributable to land for each of the five cropping

patterns was used to derive FigTJire 2k which shows the effect of summer

seepage on the retiirn attributable to land. This information was used to

determine the return which vrauld occiir under each of the three flow conditions

previously described in this chapter.

The average retiom attributable to land for each of the three

flovf conditions for the river reaches bet'\'reen Colusa V/eir and Hood is

shovm in Table 9« The flooded areas previously described are included in

this table.

In addition to flooding, high summer flov/s in the river would

cause several other problems. One of these would be the additional cost

of pumping local drainage water into the river. Another would be the

inability of v/ater in the Colusa Basin Drain at the ICnights Landing Outfall

Gates and at the Butte Sloiigh Outfall Gates to drain into the river by gravity

flow. Pumping plants would be req^uired at the outfall structures on the

Sacramento River to prevent flooding along both drainage systems.

The seepage damage to urban areas was measured as the cost of

an adequate drainage system, including operation and maintenance, which

wo\ald m^.ke the seepage areas as functional as the nonseepage areas.

The on-farm damages attributable to summer seepage were estimated

by computing the difference in return to land \irLth and without seepage.

The resultant total net decrease in the return to land pl.us the estimated
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1965 costs of pumping plants at Knights Landing Dam and the Butte Sloxigh

Outfall Gates and associated pumping costs, plus the urban damages

gave the total damages for the three reaches under the three flow con-

ditions. The computation of these total damages is presented in Table 10,

A summary of the total annual damages under the three flow conditions for

the total reach frcra Colusa Weir to Hood is:

Flow Condition No. 1 $ 270,600
Flow Condition No. 2 1,828,300
Flow Condition No. 3 3,023,300

The information in Table 10 was used to develop Figures 25 and

26 which can be used to determine the projected seepage areas and damages

for various ranges of flow in the Sacreunento River. These curves are

shown for each of the three reaches—Colusa Weir to Fremont Weir, Fremont

Weir to American River, and American River to Hood.

Methods of Controlling Sijmmer Seepage

Four alternative methods of controlling summer seepage were

investigated. These were: (l) a canal constructed in the Sutter Bypass

to carry excess flows around the critical reach of the river between

Colusa Weir and Fremont Weir; (2) a canal constructed in the existing

Colusa Basin Drain to carry excess flows around the critical river reach;

(3) a tile drainage system constructed in the seepage areas from Colusa

Weir to Hood; and {h) the purchase of seepage easements in the seepage

areas between Colusa Weir and Hood. A plan for controlling seepage re-

sulting from river Flow Condition No. 2 was developed for each alternative,

The riverflow conditions were assumed to exist for six months of the year

for purposes of this analysis.
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Sutter Bypass Canal . Tlie canal in the Sutter Bypass was planned

to carry only those flows in excess of the 9^000 cfs which is the flow

that can be maintained in the critical reach of the river without causing

seepage. The intake to the canal would be located adjacent to the south

end of Colusa Weir. The canal would go easterly, crossing Butte Creek,

thence down Butte Slough to the west borrow pit of the Sutter Bypass.

The canal wovild follow an enlarged west borrow pit to Sacramento Sloiogh

and terminate at the Sacramento River near Verona.

In order to maintain a maximum of 9^000 cfs in the critical

reach of the Sacramento River, a maximum flow of 5^000 cfs would have to

be diverted into the canal. The canal was designed to carry a maximum

diversion of 5^000 cfs from the Sacramento River plvis the flows of Butte

Creek and the west borrow pit of the Sutter Bypass.

The resulting large flows which would occur in the Sacramento

River at Verona (21,300 cfs) would back water up along the Sacramento

and Feather Rivers and along the canal in the Sutter Bypass. This back-

water wo\ild submerge the present outlet works at Knights Landing Outfall

Gates and would require the install ation of a pvmipixig plant at this location.

The backwater would cause simmer seepage along 15 miles of the

Sacramento River upstream frcm Fremont Weir and along 5 miles of the lower

parts ofthe Feather River and Sutter Bypass. Tile drains and associated

pimiping plants would have to be installed in those reaches and in several

locations along the Sacramento River between Verona and the beginning of

the proposed Peripheral Canal near Hood.

A maximum of 5,000 cfs coiild be diverted from the Sacramento

River through the Sutter Bypass Canal in the winter to somewhat relieve
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seepage between Colusa Weir and Fremont Weir. However, flows in the

Sacramento River at Verona in excess of 21,300 cfs will cause backwater

in excess of that projected under sununer conditions. Thus, the canal

woxild be of limited value in relieving river winter seepage resulting

from riverflows above 21,300 cfs.

The estimated capital cost of the canal in the Sutter Bypass,

the necessary tile drainage systems and associated pumping plants, and a

pumping plant at Knights Landing Outfall Gates is $16,700,000. The estimated

annual cost including operation and maintenance is $9^0,000. These costs

are shown below.

SUl.lT-IARY OF COST OF
SUTTER BYPASS CMAL
(Based on I965 Costs)

Annual Cost
Item Capital Cost U^j Interest

Land acquisition
Canal
Bridges for highways, railroads, etc.
Tile drainage systems
Pumping plant @ Colusa Basin Drain

Diversion Dam
Operation, maintenance and repairs
Tower costs

TOTAL $16,746,900 $939,160

Colusa Basin Drain Canal . Another method of conveying summer

flows in excess of 9^000 cfs around the critical reach of the Sacramento

River would be to utilize a portion of the Colusa Basin Drain. Under this

alternative, a maximum of 5^000 cfs would be diverted from the Sacramento

River into the proposed canal. The intake to the canal would be located

1-1/2 miles north of Colusa Weir. The canal would go southwest to Hopkins
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SloiJgh and then down an enlarged Hopkins Slough to the Colusa Basin

Drain. The canal would follow an enlarged Colusa Basin Drain down to

the Knights Landing Ridge Cut, thence to the Yolo Bypass. The canal

would cross the Yolo Bypass and terminate at the Sacramento River about

l-ljk miles north of Elkhorn Ferry.

A pumping plant would be required at the end of the canal to

return the water to the Sacramento River. A fish screen would be needed

at the diversion structure to prevent fish from going through the piomps.

The combination of riverflows ajid flows being returned to the

river frcm the canal would cause water to back up the Sacramento River

to Verona. Limited seepage would result frcm this backwater unless a

tile drainage system was installed along the river from Verona to the

canal at Elkhorn Ferry.

Flow frcm the canal plus the flow in the river would also be

sufficient to cause seepage at some locations between Elkhorn Ferry and

Hood. Therefore, tile drains and associated pumping plants would be re-

quired in the potential seepage areas along this reach of the river.

The canal, like the Sutter Bypass Canal, would be of limited

value in controlling winter seepage.

The estimated cost of this canal, including a tile drainage

system and associated pumping plants and fish screens and a pumping plant

at Elkhorn Ferry, is $26,200,000. The estimated annual cost is $1,800,000

including operation and maintenance. The capital and annual costs of the

individual features of Colusa Basin Drain Canal are:
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SUMMARY OF COST OF
COLUSA BASIN DRAIN CAKAL
(Based on 1965 Costs)

Annual Cost
Item Capital Cost k^ Interest

Land acqxiisition $ 730,500 $ 3^,010
Canal 16,989,900 790,880
Bridges for highways, railroads, etc. 1,931,000 89,890
Fish screens i+37,000 20,340
Pumping plant at end of cainal and

outlet structure 5,637,000 262,400
Tile drainage system ^75,100 22,120
Operation, maintenance and repairs 290,000
Power cost 29^.500

TOTAL $26,200,500 $l,80U,li+0

Tile Drainage System . A third alternative would be the instal-

lation of a tile drainage system along the river to keep the ground water

table below the top k feet of soil, and hence, below the root zone of

most crops,

A tile drainage system would generally be the most effective

field drainage system for controlling high groiind water along the critical

river reach. The tile drains would be installed parallel to the river in

locations which would be expected to have summer seepage along the river

from Colusa Weir to Hood. The number of parallel tile drains needed would

depend upon the amount of flow in the river. It is estimated that three

parallel rows of tile wovild be required to control seepage resulting from

Flow Condition No. 2. Pumping plants would be installed to piomp drainage

back into the river.

The higher summer riverflows would prevent drainage water from

the Colusa Basin Drain and Butte Slough from flowing into the river by

gravity. To prevent flooding along these two drains, piamping plants would
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be necessary at the Butte Slough OutfalZ- Gates and at the Knights Landing

Outfall Gates which controls the Colusa Basin Drain.

Another problem caused by the increased summer flows would be

the increase in head that the existing drainage pumps along the river

would have to work against to return drainage flows to the river. This

increase in head vrould increase the cost of pumping.

The estimated costs of pumping drainage water, plus the cost

of the piimping plants at the irnights Landing and Butte Slough Outfall

Gates, were included as part of the cost of the tile drainage system.

There woiild be two additional benefits from the tile drainage

system besides control of summer seepage; assistance in control of winter

seepage and use of summer seepage to irrigate crops during the growing

season. These benefits are liot inclioded in this analysis.

The degree of seepage control would depend -upon the design of

the drainage system. The system could be designed to control both winter

and summer seepage. It could also be designed to control flows in excess

of those shown \ander Flow Condition No. 2. It would therefore be much

more flexible and could be considerably more effective in controlling

seepage than either of the two alternati-^/e canal systems previously

described.

S\;mmer seepage could be used for irrigation purposes either

throiJigh subirrigation or by surface application of seepage which could be

collected from the drainage system and diverted into the irrigation system.

Because of the apparent relative advantage of this system over

the car:al systems, costs were estimated for drainage systems which would

control seepage under each of the three previously described flow conditions.
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There ai« several other types of field drainage systems

including drainage ditches and gopher plowing which probably would be

more economcal in some areas than a tile drainage system. However,

since the costs of these systems are generally less than a tile drainage

sj'stem, cost estimates v/ere based on a tile drainage system so as to be

on the conservative side.

The estimated capital and annual costs of the drainage systems

to control seepage under each of the three flow conditions are shoi-m on

Table 11.

Seepage Easement Rights . As another alternative, seepage ease-

ment rights could be purchased for the projected seepage areas between

Colusa and Hood and along the lower Feather River and for the flooded areas

in the ].oi/er Sutter Bypass. This procedure would be similar to the purchase

of other flow easement rights. In this manner, lawsuits alleging seepage

damage due to high grovind water coiild be avoided.

There are certain disadvantages to the purchase of seepage ease-

ment rights. The most apparent is that seepage would not be physically

controlled under this alternative, either during the summer or winter.

Other disadvantages include possible clouded title to the land, a reduced

ta:< base, reduction in tax revenue, reduction in bonding capacity of the

area, and decrease in economic activity vd-thin the area. The estimated

costs of seepage easement rights under assumed Fla\»' Condition Ko. 2 are

approximately ;-)30,000, 000. The estimated annual cost at k percent interest

is o)l,itOO,000. A summary of capital and annual costs of this alternative

are shown at the top of page 122.
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TABLE 11

SUMMARY OF COST OF TILE DRAINAGE SYSTEMS
(Based on I965 Costs)

FLOW CONDITION No. 1-2 rows of tile drains

Item

Easement and crop loss

Tile drains
Pumps and sumps
Pumping plant at Butte Slough

Outfall Gates
Operation, maintenance and repairs
Power cost

TOTAL

Capital Cost

$ 85,300
1,418,300
232,500

237,900

$ 1,974,000

Annxxal Cost
k% Interest

$ 3,970
66,020
10,820

11,080
16,300
24,700

$ 132,890

FLOW CONDITION No. 2 - 3 rows of tile drains

Item

Easement and crop loss
Tile drains
Pumps and sumps
Pumping plant at Butte Slough

Outfall Gates
Pumping plant at Colusa Basin

drain dam
Operation, maintenance and repairs
Power cost

TOTAL



SUMMARY OF COST OF
SEEPAGE EASEMENT RIGHTS
(Based on I965 Costs)

i Area : Capital : Annual cost
Reach : in acres : cost : U^ interest

Colusa Weir to Fremont Weir 37,000 $17,750,000 $ 826,260
Fremont Weir to American River 3,300 2,375,000 110,560
American River to Hood 8,000 9,600,000 Uii6,880

TOTAL $29,735,000 $1,383,700

Summary of Costs

The estimated costs of the alternative methods of mitigating

summer seepage vhich could occur under Flow Condition No. 2 are:

SUMMARY OF COST OF ALTERNATIVES
FOR CONTROLLING SUMMER SEEPAGE

(Based on I965 Costs)

Alternatives Capital Cost Total Ann\jal Cost

Canal in the Sutter Bypass $16,700,000 $ 9iiO,000

Canal down Colusa Basin Drain 26,200,000 1,800,000
Tile Drainage System 10,800,000 730,000
Seepage Easement Rights 29,700,000 l,i+00,000

Damage Without Any Works $1,828,300

It is apparent from the foregoing that the tile drainage system

would have the lowest cost and highest benefit of any of the alternatives

studied for controlling simmer seepage resulting from the use of the

Sacramento River as a conveyance facility for imported water. Under Flow

Condition No. 2 (9,000 cfs importation) the benefit-to-cost ratio of this

system would approximate 2.5 to 1.
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PLATE 12

LEGEND

KV

A

FLOOD PLAIN DEPOSIT
BROWN, SOFT CLAY OR SILT TO SILTY SAND. LOW TO
HIGH PERMEABILITY.

STREAM DEPOSIT
GRAY, LOOSE, GRAVELLY SAND, HIGH PERMEABILITY

FLOOD BASIN DEPOSIT
GRAY, STIFF CLAY, LOW PERMEABILITY.

KV-VERTICAL PERMEABILITY IN FEET PER DAY.

KH- HORIZONTAL PERMEABILITY IN FEET PER DAY.

->-KH

^-.^ LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
^ ° •^^'^ IN OHM-FEET FOR UPPER 20 FEET OF SOIL.

WELL-GRADED GRAVELS OR
GRAVEL-SAND M I XTUR ES, LITTLE
OR NO FINES.

POORLY-GRADED GRAVELS OR
GRAVEL-SAND M IX TURES , LITTLE
OR NO FINES.

SILTY GRAVELS, GRAVEL- SAND-
SILT MIXTURES.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS, SANDY

^ CLAYS, SILTY CLAYS, LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

CLAYEY GRAVELS, GRAVEL-
SAND- CLAY MIXTURES.

INORGANIC SILTS, MICACEOUS OR DIATOMACEOUS
FINE SANDY OR SILTY SOI LS , EL ASTIC SILTS.

vvcu-oriMu^u oH.>.uo un ^ INORGANIC CLAYS OF HIGH PLASTICITY,
GRAVELLY SANDS, LITTLE OR NO «^ FAT CLAYS.
WELL-GRADED SANDS OR
GRAVE
FINES.

POORLY-GRADED SANDS OR
GRAVELLY S AN DS , L I TTLE OR NO
FINES.

SILTY SANDS ,SAND -SILT
MIXTURES.

CLAYEY SANDS, SAND-SILT
MIXTURES.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.
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LEGEND

KV

B

FLOOD PLAIN DEPOSIT
BROWN, SOFT CLAY OR SILT TO SILTY SAND, LOW TO
HIGH PERMEABILITY.

STREAM DEPOSIT
GRAY, LOOSE, GRAVELLY SAND, HIGH PERMEABILITY.

FLOOD BASIN DEPOSIT
GRAY. STIFF CLAY, LOW PERMEABILITY.

KV-VERTICAL PERMEABILITY IN FEET PER DAY.

KH- HORIZONTAL PERMEABILITY IN FEET PER DAY.

-^-KH

^_^ LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
'^ °- ^ IN OHM-FEET FOR UPPER 20 FEET OF SOIL.

WELL-GRADED GRAVELS OR
GRAVEL-SAND M I XTUR ES, LITTLE
OR NO FINES.

POORLY-GRADED GRAVELS OR
GRAVEL-SAND M IXTURES , LITTLE
OR NO FINES.

SILTY GRAVELS , GRAVEL- SAND-
SILT MIXTURES.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS, SANDY

^ CLAYS, SILTY CLAYS, LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

CLAYEY GRAVELS, GRAVEL-
SAND- CLAY MIXTURES.

INORGANIC SILTS .MICACEOUS OR DIATOMACEOUS
FINE SANDY OR SILTY SOI LS , EL ASTIC SILTS.

wcLL-onMucu oH,>.uo un ^ INORGANIC CLAYS OF HIGH PLASTICITY,
GRAVELLY SANDS, LITTLE OR NO ^
WELL-GRADED SANDS OR
GRAVE
FINES.

POORLY-GRADED SANDS OR
GRAVELLY SAN DS ,

L

ITTLE OR NO
FINES.

SILTY SANDS ,SAND -SILT
MIXTURES.

CLAYEY SANDS, SAND-SILT
MIXTURES.

FAT CLAYS.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.
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SCALE OF FEET
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1 GRAY. LOOSE, GRAVELLY SAND. HIGH PERMEABILITY

I ^ FLOOD BASIN DEPOSIT
'

1 GRAY, STIFF CLAY .LOW PERMEABILITY

KV-VERTICAL PERMEABILITY IN FEET PER DAY
KH- HORIZONTAL PERMEABILITY IN FEET PER DAY.

-So y LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
^ IN OHM -FEET FOR UPPER 20 FEET OF SOIL

I

i

WELL-GRADED GRAVELS OR
GRAVEL-SAND M IXTURES, LITTLE
OR NO FINES

POORLY-GRADED GRAVELS OR
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, LITTLE
OR NO FINES
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GRAVELLY SANDS, LITTLE OR NO
FINES
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GRAVELLY SANDS , L ITTLE OR NO
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I'

INORGANIC SILTS AND VERY FINE SANDS,
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PLATE 13

LEGEND

PLAIN DEPOSIT
OWN, SOFT CLAY OR SILT TO SILTY SAND, LOW TO
6H PERMEABILITY.

M DEPOSIT
[AY, LOOSE, GRAVELLY SAND, HIGH PERMEABILITY.

BASIN DEPOSIT
;AY, STIFF CLAY, LOW PERMEABILITY.

'-VERTICAL PERMEABILITY IN FEET PER DAY.

{-HORIZONTAL PERMEABILITY IN FEET PER DAY.

NES OF EQUAL ELECTRICAL RESISTIVITY VALUES
OHM-FEET FOR UPPER 20 FEET OF SOIL.

.S OR
lES, LITTLE

ELS OR
ES, LITTLE

EL- SAND-

AVEL-

OR
TLE OR NO

S OR
TLE OR NO

ILT

SILT

I

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS , SANDY
CLAYS, SILTY CLAYS, LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

1'-

i

INORGANIC SILTS , MICACEOUS OR DIATOMACEOUS
E SANDY OR SILTY SOI LS , EL ASTIC SILTS.

INORGANIC CLAYS OF HIGH PLASTICITY
FAT CLAYS.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

Ffq PEAT AND OTHER HIGHLY ORGANIC SOILS.
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PLATE 13

LEGEND

PUAIN DEPOSIT
OWN, SOFT CLAY OR SILT TO SILTY SAND, LOW TO
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!AY, LOOSE, GRAVELLY SAND, HIGH PERMEABILITY

BASIN DEPOSIT
lAY, STIFF CLAY, LOW PERMEABILITY.

VERTICAL PERMEABILITY IN FEET PER DAY.
I-HORIZONTAL PERMEABILITY IN FEET PER DAY.
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ELS OR
ES, LITTLE

EL-SAND-

AVEL-
S.

OR
TLE OR NO

S OR
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INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS, SANDY

^ CLAYS, SILTY CLAYS, LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

i

INORGANIC SILTS .MICACEOUS OR DIATOMACEOUS
FINE SANDY OR SILTY SOI LS , EL ASTIC SILTS.

INORGANIC CLAYS OF HIGH PLASTICITY,
FAT CLAYS.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.
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LEGEND

LOOD PLAIN DEPOSIT
BROWN, SOFT CLAY OR SILT TO SILTY SAND, LOW TO
HIGH PERMEABILITY.

FREAM DEPOSIT
GRAY, LOOSE, GRAVELLY SAND, HIGH PERMEABILITY.

LOOD BASIN DEPOSIT
GRAY, STIFF CLAY, LOW PERMEABILITY.

PLATE 14

KV-VERTICAL PERMEABILITY IN FEET PER DAY.
KH-HORIZONTAL PERMEABILITY IN FEET PER DAY.

LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
IN OHM-FEET FOR UPPER 20 FEET OF SOIL.

^VELS OR
<TURES, LITTLE

SRAVELS OR
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RAVEL- SAND-

.GRAVEL-
URES.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS, SANDY

^ CLAYS, SILTY CLAYS, LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

INORGANIC SILTS, MICACEOUS OR DIATOMACEOUS
FINE SANDY OR SILTY SOI LS , EL ASTIC SILTS.

INDS OR
.LITTLE OR NO V^ FAT CLAYS.

571 INORGANIC CLAYS OF HIGH PLASTICITY,

I
JANDS OR
.LITTLE OR NO

D -SILT

,ND-SILT
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ORGANIC SILTS.

=a PEAT AND OTHER HIGHLY ORGANIC SOILS.

STATI or CALIFOOMIA

THE MCSOUMCCS AGENCY

OCPARTMENT OF WATER RESOURCES

SACRAMENTU DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

GEOLOGIC SECTION
AT PHYSICAL TEST AREA

WORTH ROAD





LEGEND

-OOD PLAIN DEPOSIT
BROWN, SOFT CLAY OR SILT TO SILTY SAND, LOW TO
HIGH PERMEABILITY.

FREAM DEPOSIT
GRAY, LOOSE, GRAVELLY SAND, HIGH PERMEABILITY.

|.00D BASIN DEPOSIT
I

GRAY, STIFF CLAY, LOW PERMEABILITY.

PLATE 14

KV-VERTICAL PERMEABILITY IN FEET PER DAY,
KH-H0RI20NTAL PERMEABILITY IN FEET PER DAY.

LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
IN OHM-FEET FOR UPPER 20 FEET OF SOIL.

^VELS OR
<TURES, LITTLE

iRAVELS OR
TURES, LITTLE

RAVEL- SAND-

,GRAVEL-
URES.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS, SANDY

^ CLAYS, SILTY CLAYS, LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

INORGANIC SILTS .MICACEOUS OR DIATOMACEOUS
FINE SANDY OR SILTY SOILS , ELASTIC SILTS.

NDS OR 7Pi INORGANIC CLAYS OF HIGH PLASTICITY,
.LITTLE OR NO VX FAT CLAYS.

BANDS OR
LITTLE OR NO

L

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

D-SILT =3 PEAT AND OTHER HIGHLY ORGANIC SOILS.

ND-SILT

•TATC OF CALIFORNIA

THE nCSOUKCES AGCNCT

DEPARTMENT OF WATER RESOURCES

SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

GEOLOGIC SECTION
AT PHYSICAL TEST AREA

WORTH ROAD



LOCATION MAP

SCALC Of FECT

ooo noo 2000 woo

en
LEGEND

FLOOD PLAIN DEPOSIT
BROWN. SOFT CLAY OR SILT TO SILTY SAND, LOW TOKIOH PERMEABILITY-

STREAM DEPOSIT
GRAY. LOOSE, GRAVELLY SAND, HIGH PERMEABILITY

FLOOD BASIN DEPOSIT
GRAY. STIFF CLAY, LOW PERMEABILITY.

KV-VERTICAL PERMEABILITY IN FEET PER DAY
KH- HORIZONTAL PERMEABILITY IN FEET PER DAY.

LINES OF EOUAL ELECTRICAL RESISTIVITY VALUES
IN OHM-FEET FOR UPPER 20 FEET OF SOIL

p^ WELL-GRADEO GRAVELS OR
pi GRAVEL- SAND MIXTURES, LITTLE^ OR NO FINES.

FJl POORLY-GRADED GRAVELS OR
^1 GRAVEL-SAND MIXTURES .LITTLE^ OR NO FINES

SILTY GRAVELS, GRAVEL- SAND-
SILT MIXTURES.

CLAYEY GRAVELS, GRAVEL-
SAND-CLAY MIXTURES.

I

I

WELL-GRADED SANDS OR
GRAVELLY SANDS, LITTLE OR NO
FrNES

POORLY-GRADED SANDS OR
GRAVELLY SANDS, LITTLE OR NO
FINES

SILTY 3AN0S, SAND-SILT
MIXTURES

CLAYEY SANDS, SAND-SILT
MIXTURES.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS, SANDY
CLAYS, SILTY CLAYS, LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

INORGANIC SILTS, MICACEOUS OR DIATOMACEOUS
FINE SANDY OR SILTY SOILS , ELASTIC SILTS.

INORGANIC CLAYS OF HIGH PLASTICITY.
FAT CLAYS.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.

TMC RKSOUItCKS AOCr*CT

DCPARTMENT OF WATER RESOURCES

SACRAMENTu [DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

GEOLOGIC SECTION
AT PHYSICAL TEST AREA

WORTH ROAD

r



PLATE 15

LEGEND

IN DEPOSIT
.SOFT CLAY OR SILT TO SILTY SAND, LOW TO
ERMEABILITY.

IPOSIT
-OOSE, GRAVELLY SAND, HIGH PERMEABILITY.

IN DEPOSIT
ITIFF CLAY, LOW PERMEABILITY.

RTICAL PERMEABILITY IN FEET PER DAY.
RIZONTAL PERMEABILITY IN FEET PER DAY.

DF EQUAL ELECTRICAL RESISTIVITY VALUES
FEET FOR UPPER 20 FEET OF SOIL.

[

ITTLE

OR
ITTLE

CAND-

OR

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS, SANDY

^ CLAYS, SILTY CLAYS, LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

INORGANIC SILTS, MICACEOUS OR DIATOMACEOUS
FINE SANDY OR SILTY SOILS , EL ASTIC SILTS.

TA INORGANIC CL
NO A FAT CLAYS.

AYS OF HIGH PLASTICITY

OR NO
ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY
ORGANIC SILTS.

3 PEAT AND OTHER HIGHLY ORGANIC SOILS.

STATt OF CALIFOHNl*

THE MCSOUKCES AGENCY
DEPARTMENT OF WATER RESOURCES

SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

GEOLOGIC SECTION
AT PHYSICAL TEST AREA

KARNAK





PLATE 15

LEGEND

in deposit
.soft clay or silt to silty sand, low to
ermeability.

:posit
.oose, gravelly sand, high permeability.

in deposit
itiff clay, low permeability.

RTICAL PERMEABILITY IN FEET PER DAY.
RIZONTAL PERMEABILITY IN FEET PER DAY.

OF EQUAL ELECTRICAL RESISTIVITY VALUES
FEET FOR UPPER 20 FEET OF SOIL.

[

ITTLE

OR
ITTLE

5AND-

OR NO

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS, SANDY

^ CLAYS, SILTY CLAYS, LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

INORGANIC SILTS, MICACEOUS OR DIATOMACEOUS
FINE SANDY OR SILTY SOILS , EL ASTIC SILTS.

INORGANIC CLAYS OF HIGH PLASTICITY.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY.
ORGANIC SILTS.

^ PEAT AND OTHER HIGHLY ORGANIC SOILS.

STATC or CALIFOKNI*

THE MCSOURCES AGENCY
DEPARTMENT OF WATER RESOURCES

SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

GEOLOGIC SECTION
AT PHYSICAL TEST AREA

KARNAK
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PLATE 16

LEGEND

LOOD PLAIN DEPOSIT
BROWN, SOFT CLAY OR SILT TO SILTY SAND, LOW TO
HIGH PERMEABILITY.

TREAM DEPOSIT
GRAY, LOOSE, GRAVELLY SAND, HIGH PERMEABILITY

LOOD BASIN DEPOSIT
GRAY, STIFF CLAY, LOW PERMEABILITY.

KV-VERTICAL PERMEABILITY IN FEET PER DAY
KH- HORIZONTAL PERMEABILITY IN FEET PER DAY.

(H

LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
' IN OHM-FEET FOR UPPER 20 FEET OF SOIL

lAVELS OR
IXTURES, LITTLE

GRAVELS OR
XTURES, LITTLE

GRAVEL- SAND-

S, GRAVEL-
TURES.

SANDS OR
S, LITTLE OR NO

,ND -SILT

>AND-SiLT

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS, SANDY

^ CLAYS, SILTY CLAYS, LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

INORGANIC SILTS
,
MICACEOUS OR DIATOMACEOUS

FINE SANDY OR SILTY SOI LS , EL ASTIC SILTS.

NDS OR ^
, LITTLE OR NO ^

INORGANIC CLAYS OF HIGH PLASTICITY,
FAT CLAYS.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.

STATE OF CALIFORNIA

THE RESOURCES AGENCY

DEPARTMENT OF WATER RESOURCES

SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

GEOLOGIC SECTION
AT PHYSICAL TEST AREA

ELKHORN
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PLATE 16

LEGEND

LOOD PLAIN DEPOSIT
BROWN, SOFT CLAY OR SILT TO SILTY SAND, LOW TO
HIGH PERMEABILITY.

TREAM DEPOSIT
GRAY, LOOSE, GRAVELLY SAND, HIGH PERMEABILITY

LOOD BASIN DEPOSIT
GRAY, STIFF CLAY, LOW PERMEABILITY.

KV-VERTICAL PERMEABILITY IN FEET PER DAY
KH- HORIZONTAL PERMEABILITY IN FEET PER DAY.

(H

LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
IN OHM-FEET FOR UPPER 20 FEET OF SOIL

iAVELS OR
IXTURES, LITTLE

GRAVELS OR
XTURES, LITTLE

GRAVEL- SAND-

S.GRAVEL-
TURES.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

^ INORGANIC CLAYS OF LOW TO MEDIUM
% PLASTICITY, GRAVELLY CLAYS , SANDY
^ CLAYS, SILTY CLAYS, LEAN CLAYS.

aa ORGANIC SILTS AND ORGANIC SILT-CLAYS
ffl OF LOW PLASTICITY.

INORGANIC SILTS .MICACEOUS OR DIATOMACEOUS
FINE SANDY OR SILTY SOI LS , EL ASTIC SILTS.

)AND-SILT

ANDS OR ^
S , LITTLE OR NO ^

SANDS OR
S, LITTLE OR NO

ND - SILT

INORGANIC CLAYS OF HIGH PLASTICITY,
FAT CLAYS.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY
ORGANIC SILTS.

3 PEAT AND OTHER HIGHLY ORGANIC SOILS.

STATE OF CALIFORNIA

THE RESOURCES AGENCY

DEPARTMENT OF WATER RESOURCES

SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

GEOLOGIC SECTION
AT PHYSICAL TEST AREA

ELKHORN



LOCATION MAP

I

~
1 STREAM DEPOSIT

I—S_J GHflY, LOOSE .GRAVELU:lly sano.higm permeability

gray. stiff clay , low permeabllitt

§W£LL-GfiftOEO GRAVELS OB
GRAVEL-SAND MIXTURES, LITTLE
OR NO FlNES-

ni] POORLY-GRAOEO GRAVELS OR
rH GRAVEL-SAND MIXTURES, LITTLE
Ra OR NO FINES

I

SILTY SANOS.SAND -SILT

1

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS
Oft CLAYEY SILTS WITH SLIGHT PLASTICITY

J INORGANIC CLAYS OF LOW TO MEDIUM
1 PLASTICITY, GRAVELLY CLAYS, SANOT
i CLAYS, SILTY CLAYS, LEAN CLAYS.

F MEDIUM TO HI6K PLASTICiT

I

PEAT ANO OTHER HIGHLY ORGANIC SOILS.

DEPARTMENT OF WATEP RESOOPCES

S»C«*u£NI0 OiSTHiCr

GEOLOGIC SECTION
AT PHYSICAL TEST AREA



LEGEND

PLATE 17

FLOOD PLAIN DEPOSIT
BROWN. SOFT CLAY OR SILT TO SILTY SAND, LOW TO
HIGH PERMEABILITY.

STREAM DEPOSIT
GRAY, LOOSE, GRAVELLY SAND, HIGH PERMEABILITY.

FLOOD BASIN DEPOSIT
GRAY, STIFF CLAY, LOW PERMEABILITY.

KV-VERTICAL PERMEABILITY IN FEET PER DAY.

KH- HORIZONTAL PERMEABILITY IN FEET PER DAY.

•KH

'^O ^^^
LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
IN OHM-FEET FOR UPPER 20 FEET OF SOIL.

IVDED GRAVELS OR
SAND MIXTURES, LITTLE
^JES.

5RADED GRAVELS OR
5AND MIXTURES, LITTLE
JES.

AVELS .GRAVEL- SAND-
TURES.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS, SANDY

^ CLAYS, SILTY CLAYS, LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

5RAVELS, GRAVEL-
AY MIXTURES.

ADED SANDS OR
Y SANDS , LITTLE

3RADED SANDS OR
f SANDS, LITTLE OR NO

INORGANIC SILTS , MICACEOUS OR DIATOMACEOUS
FINE SANDY OR SILTY SOILS , EL ASTIC SILTS.

TTA INORGANIC CLAYS OF HIGH PLASTICITY,
R NO ^ FAT CLAYS.

^
ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

NDS ,SAND - SILT
B.

UNDS, SAND-SILT
S.

PEAT AND OTHER HIGHLY ORGANIC SOILS.

STATE OF CALIFORNIA

THE RESOURCES AGENCY

DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

GEOLOGIC SECTION
AT PHYSICAL TEST AREA

RIVERSIDE





LEGEND

PLATE 17

FLOOD PLAIN DEPOSIT
BROWN, SOFT CLAY OR SILT TO SILTY SAND, LOW TO
HIGH PERMEABILITY.

STREAM DEPOSIT
GRAY, LOOSE .GRAVELLY SAND, HIGH PERMEABILITY

FLOOD BASIN DEPOSIT
GRAY, STIFF CLAY, LOW PERMEABILITY.

KV-VERTICAL PERMEABILITY IN FEET PER DAY.
KH- HORIZONTAL PERMEABILITY IN FEET PER DAY.

'^O
LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES

•-'' IN OHM-FEET FOR UPPER 20 FEET OF SOIL.

UDED GRAVELS OR
SAND MIXTURES, LITTLE
^ES.

SRADED GRAVELS OR
5AND MIXTURES, LITTLE
JES.

AVELS .GRAVEL- SAND-
TURES.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS , SANDY
CLAYS, SILTY CLAYS, LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

5RAVELS, GRAVEL-
AY MIXTURES.

ADED SANDS OR
,Y SANDS , LITTLE OR NO

3RADED SANDS OR
« SANDS, LITTLE OR NO

NDS ,SAND - SILT
S.

JANDS, SAND-SILT

INORGANIC SILTS .MICACEOUS OR DIATOMACEOUS
FINE SANDY OR SILTY SOILS , EL ASTIC SILTS.

Z^ INORGANIC CLAYS OF HIGH PLASTICITY,
yy FAT CLAYS.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.

ST»TE OF CALIFORNIA

THE RESOURCES AGENCY

DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

GEOLOGIC SECTION
AT PHYSICAL TEST AREA

RIVERSIDE



LOCATION MAP

SCALE OF FECT
KXX) 1000 2000 3000

LEGEND

m FLOOD PLAIN DEPOSIT
BROWN. SOFT CLAY OR Si

HIGH PERMEABILITY
SILT TO SILTY SAND. LOW TO

m STREAM DEPOSIT
GRAY. LOOSE .GRAVELLY SAND, HIGH PERMEABILITY

I
c I

FLOOD BASIN DEPOSIT
'

' GRAY. STIFF CLAY , LOW PERMEABILITY.
KV

KV-VERTICAL PERMEABILITY IN FEET PER DAY
KH- HORIZONTAL PERMEABILITY IN FEET PER DAY.

LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
IN OHM -FEET FOR UPPER 20 FEET OF SOIL

i

WELL-GRADED GRAVELS OR
GRAVEL-SAND M IXTURES, LITTLE
OR NO FINES-

POORLY-GRAOED GRAVELS OR
GRAVEL-SANO MIXTURES , LITTLE
OR NO FINES

SILTY GRAVELS, GRAVEL- SAND

-

SILT MIXTURES

i

CLAYEY GRAVELS, GRAVEL-
SAND-CLAY MIXTURES.

WELL-GRADED SANDS OR
GRAVELLY SANDS, LITTLE OR NO
FINES

POORLY-GRADED SANDS OR
GRAVELLY SANDS. LITTLE OR NO
FINES

SILTY SANDS, SAND - SILT
MIXTURES

CLAYEY SANDS,SAND-SILT
MIXTURES.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OH CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS, SANDY
CLAYS, SILTY CLAYS, LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

INORGANIC SILTS. MICACEOUS OR DIATOMACEOUS
FINE SANDY OR SILTY SOILS ,

ELASTIC SILTS

INORGANIC CLAYS OF HIGH PLASTICITY,
FAT CLAYS.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS

PEAT AND OTHER HIGHLY ORGANIC SOILS.

ST»tlOMS IN P££T

THE RCSOUNCeS AGENCY

DEPARTMENT OF WATER RESOURCES

SACftflMENTO OiSTRJCT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

GEOLOGIC SECTION
AT PHYSICAL TEST AREA

RIVERSIDE



PLATE 18

KV

LEGEND

FLOOD PLAIN DEPOSIT
BROWN, SOFT CLAY OR SILT TO SILTY SAND, LOW TO
HIGH PERMEABILITY.

STREAM DEPOSIT
GRAY, LOOSE .GRAVELLY SAND, HIGH PERMEABILITY.

FLOOD BASIN DEPOSIT
GRAY, STIFF CLAY, LOW PERMEABILITY.

KV-VERTICAL PERMEABILITY IN FEET PER DAY
KH- HORIZONTAL PERMEABILITY IN FEET PER DAY.

-^-KH

""^Sq LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
"^ IN OHM-FEET FOR UPPER 20 FEET OF SOIL.

WELL-GRADED GRAVELS OR
GRAVEL-SAND M IXTURES, LI TTLE
OR NO FINES.

POORLY-GRADED GRAVELS OR
GRAVEL-SAND M IX TUR ES , LITTLE
OR NO FINES.

SILTY GRAVELS
,
GRAVEL-

SILT MIXTURES..
SAND -

CLAYEY GRAVELS, GRAVEL-
SAND- CLAY MIXTURES.

WELL-GRADED SANDS OR
GRAVELLY SANDS, LITTLE OR NO
FINES.

POORLY-GRADED SANDS OR
GRAVELLY SAN DS , L I TTLE OR NO
FINES.

SILTY SANDS ,SAND -SILT
MIXTURES

CLAYEY SANDS, SAND-SILT
MIXTURES.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS, SANDY
CLAYS, SILTY CLAYS, LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

INORGANIC SILTS
,
MICACEOUS OR DIATOMACEOUS

FINE SANDY OR SILTY SOI LS , EL ASTIC SILTS.

/^ INORGANIC CLAYS OF HIGH
/y FAT CLAYS.

PLASTICITY,

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.

STATE OF CALIFORNIA

THE RESOURCES AGENCY

DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

GEOLOGIC SECTION
AT PHYSICAL TEST AREA

MERRITT ISLAND





PLATE 18

LEGEND

KV

FLOOD PLAIN DEPOSIT
BROWN, SOFT CLAY OR SILT TO SILTY SAND, LOW TO
HIGH PERMEABILITY.

STREAM DEPOSIT
GRAY, LOOSE .GRAVELLY SAND, HIGH PERMEABILITY.

FLOOD BASIN DEPOSIT
GRAY, STIFF CLAY, LOW PERMEABILITY.

KV-VERTICAL PERMEABILITY IN FEET PER DAY
KH- HORIZONTAL PERMEABILITY IN FEET PER DAY.

-^KH

^ LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
^ ^"'^ IN OHM-FEET FOR UPPER 20 FEET OF SOIL.

WELL-GRADED GRAVELS OR
GRAVEL-SAND M I XTURES, LITTLE
OR NO FINES.

POORLY-GRADED GRAVELS OR
GRAVEL-SAND M IX TURES , LITTLE
OR NO FINES

SILTY GRAVELS , GRAVEL
SILT MIXTURES..

SAND -

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR, SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY, GRAVELLY CLAYS, SANDY
CLAYS, SILTY CLAYS, LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

CLAYEY GRAVELS, GRAVEL-
SAND- CLAY MIXTURES.

INORGANIC SILTS .MICACEOUS OR DIATOMACEOUS
FINE SANDY OR SILTY SOI LS , EL ASTIC SILTS.

WELL-GRADED SANDS OR
GRAVELLY SANDS, LITTLE OR NO
FINES

POORLY-GRADED SANDS OR
GRAVELLY S AN DS , L I TTLE OR NO
FINES.

SILTY SANDS ,SAND -SILT
MIXTURES

CLAYEY SANDS, SAND-SILT
MIXTURES.

7^ INORGANIC CL
/y FAT CLAYS.

AYS OF HIGH PLASTICITY,

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY.
ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.

STATE OF CALIFOKNI*

THE RESOURCES AGENCY

DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

GEOLOGIC SECTION
AT PHYSICAL TEST AREA

MERRITT ISLAND
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PLATE 19

LEGEND

DHM - FEET AND ABOVE
,

HIGH PERMEABILITY SOIL, SUBJECT TO SEEPAGE

TO 90 OHM - FEET
,

MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE

TO 70 OHM - FEET,
LOW PERMEABILITY SOIL, LiTTLF OR NO SEEPAGE

OHM-FEET AND BELOW,
VERY LOW PERMEABILITY SOIL NO SEEPAGE

?ICAL RESISTIVITY OA^A ARE BASED
NNER ELECTRODE ARRANGEMENT WITH
SPACINGS OF 20 FEET

t

STATC or CALirOWNt*

THE RESOURCES AGENCY

DEPARTMENT OF WATER RESOUP»CES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

JACINTO
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PLATE 19

LEGEND

DHM - FEET AND ABOVE
,

HIGH PERMEABILITY SOIL, SUBJECT TO SEEPAGE

TO 90 OHM - FEET
,

MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE

TO 70 OHM - FEET,
LOW PERMEABILITY SOIL, LITTLE OR NO SEEPAGE

OHM-FEET AND BELOW,
VERY LOW PERMEABILITY SOIL NO SEEPAGE

RlCAL RESISTIVITY DA^A ARE BASED
NNER ELECTRODE ARRANGEMENT WITH
SPACINGS OF 20 FEET

STATt OP CALIFOWMIA

THE WCSOORCES AGENCY

DEPARTMENT OF WATER RESOUP»CES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

JACINTO

1000
SCALE OF FEET

lOOO 2000 3000



90 OHM - FEET AND aeovE
,
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